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SUMMARY

Tall oil is a pale amber to dark brown oily liquid
derived from wood; it has a slightly resinous, slightly
fishy odor. Physical properties and chemical composition
vary considerably according to the source of the wood

and certain processing methods. The main constitutents
are fatty acids (35-60%), resin acids (35-55%), and un-
saponifiable matter (5-10%), Tall oil is combustible.

The flash point is 360°C.

Tall oil is a by-product of the kraft or sulfate vood
pulp industry. The highly alkaline pulping chemicals
convert the wood fats and resins to soaps. Tall oil is
obtained when the soaps (skimmings) are acidified. Various
species of pine trees are the richest source of tall oil.
The yield varies from 60 to 110 pounds per ton of pulp
(161). Tall oil and its products have many commercial
applications including: chewing gum bases, paper and
paperboard products, emulsifiers, anti-foam agents, an-
imal feeds, paper sizes, water-proofing agents, cellulcse,
oil cloth and linoleum, synthetic rubber, wetting agents,
adhesives, binders, soaps, disinfectants, fungicides,
insecticides, flotation agents, and coatings (161).

No reports on the toxicity of whole tall oil have been
found. The oral LD5p for refined tall oil resin is 7600
mg/kg for rats and 4600 mg/kg for mice and guinea pigs
(177). A group of commercial epoxidized tall oil products
used in coatings have oral LDsp, ranging from 10,000 to
54,000 mg/kg in rats and 16,000 to > 20,000 mg/kg in rabbits
(158). The minimum lethal concentration of crude tall

oil soap and the sodium salts of its fatty acid fraction
for fish is 5 ppm. The MLC of the resin acids fraction
sodium salts is 1 ppm (152). ‘
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Tall oil fatty acid distillate, fed at a level of 35%

in the diet of rats for four weeks, resulted in 100%
fatalities. The mortality rate of the ethyl esters was
approximately TO% and that of the glycerides 50%. At the
13% dietary level, the mortality rate was only 0-5%,

but growth was retarded. Hydrogenated tall oil fatty
acid glyceride margarine, on the other hand, caused total
fatalities of less than 5% and growth rates approximated
those of the controls (132).

Refined tall oil rosin, at a level of 5% in the diet
of rats, killed all of the animals within two weeks. At
a concentration of 1%, no fatalities resulted, but initial
growth rates were depressed and liver enlargement resulted
after 90 days. A dietary resin content of 0.2% was not -
deleterious (177). In young beagle dogs, liver enlarge-
ment resulted also at the 1¥ dietary level, but not at a
concentration of 0.05%. No histologic abnormalities were
detected in any of the organs, 1nc1udins the liver, in
either study (177).

Crude tall oil, refined tall oil, and tall oil resins fed
to chicks at a level of 5% in the diet retarded growth.
The growth retarding factor seemed to reside in the resin
acids fraction (142), '

Tall oil fatty acid esters in the diet of cattle caused
& slight decrease in milk fat production at 4% dbut not at
3%. There were no other toxic effects at either level (o15).

Human toxicity dats are meager. Tall oifl snd the resins
acids are slightly irritating to the skin and mucous mem-
branes (126, 139). Abietic acid is also moderately toxic
by ingestion. (3 -sitosterol causes anorexias, gastro-
intestinal cramps, and diarrhea in some patients on very
large doses (112 125).

ii
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Refined tall oil rosin, at a level of 1% in the diet
of rats for a period of two years, depressed the growth
rate slightly and caused liver enlargement unaccompanied
by any histologic abnormalities. Other organs vere not
affected. Hematology, urinalysis, and liver and kidney
function test values were within normal limits through-
out. At dietary levels of 0.2% and 0.05% no adverse
effects were noted. (177)

Rats fed tall oil glyceride margarine at a level of 13%
in the diet had a much longer life span than control
animals fed butter (132).

Oxidized oleic acid administered to albino mice parenter-
ally caused chromoscome abnormalities in bone marrow cells
(111). Life-time carcinogenicity studies in mice with two
epoxidiged tell oil products were negative for tumorigenic
potential (158). Refined tall oil rosin at 1% in the

diet did not increase tumor incidence in dogs or rats over
a period of two years (177). Tall oil margarine in the
diet at levels of 13 and 35% had no detrimental effect on
the reproductive capacity of rats (132),

Tall oil undergoes oxidative changes on standing. Dis-
proportionation, or reducing the number of double bonds
in certain constituents, improves stability (014), Tall
oil esters are absorbed well (93-96%) from the intestinal
tract of rats (132), Feeding tall oil preperations as
diet supplements to chicks, rats, and cattle resulted in
changes in milk fat, egg yolk, and tissue lipids. Food
consumption and growth were depressed when chicks were
fed tall oil at a level of 5% in the diet (142). Yolk
lipid changes involved marked increase in oleic acid and
corresponding decreases in palmitic, stearic, and lin-
oleic acids. The tall oil esters also decreased egg
weight and impaired certain baking characteristics of
the eggs (014),

iii
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The yield of milk fat was depressed by tall oil fatty
ethyl esters at a level of LE but not at 3% in the diet
of cattle. The iodine number increased significantly at
both levels (015).

Feeding tall oil fatty acids at levels of 13% in the
diet of rats caused an increase of linoleic acid and a
decrease of palmitic in adipose tissue. Plasma lipid
changes involved an increase in oleic, and a decrease
in linoleic and palmitic acids in the cholesterol ester
fraction. The stearic acid content of liver triglycer-
ides was higher in the tall oil group than in the soybean
oil controls. More than 16% cis-5,9,l2-octadecatrienoic
acid vas found in the fecal lipids (132),

Consumer exposure to whole tall oil is limited mainly

to certain food packaging and processing articles vhere

it is used as a manufacturing additive. Consumer exposure
to tall oil constituents and compounds of tall oil, on

the other hand, iz quite broad as a result of their wide-~
spread commercial applications. Glycerides prepared from
refined tall oil fatty acids mixed with other oils has

been sold as Grade B olive oil (113), Patents have been
granted for the use of tall oil fatty acids in salad oils,
shortenings, and margarine (132), Tall oil rosin prepara-
tions which meet certain specifications are used in syn-
thetic chewing gum bases (009). A number of other tall oil
compounds are used as emulsifiers, de-foaming agents,
anti-caking preparations, surface coatings, etc. in

various areas of the food industry (104). B-sitosterol from
tall oil is used as an anti-cholesterolemic agent (112,
125,140). Sex hormones and other steroid medicinal products
also are being prepared from tall oil sterols (006). It is
predicted that the use of tall oil products will increase

‘sherply in view of the continued growth of the paper in-

dustry, and the fact that tall oil is the cheapest source
of fatty acids in the world (007,172).

iv
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Abietic acid may be used in concentrations up to

0.0026% (26 ppm) as a carrier in enriched rice.

Glyceryl abietate 1s used as an emulsifier in alcoholic
beverages and fruit drinks in amounts up to 0.0062%.
Abietic and pimaric copolymers are permitted as surface
coatings for fresh fruits up to a concentration of 0.02%
(049). Potassium abietate is allowed in concentrations
up to 1 ppm with fresh fruits and vegetables (011). Oleic
acid is used in amounts ranging from 0.02 - 25 ppm in
candy, baked goods, ice cream, ices, beverages. Mono-

and diglycerides of fatty acids may be used in emulsifiers
in concentrations up to 20 g/kg of emulsifier (031).
Polyglycerol esters of fatty acids have acceptable daily
intake values for man of 0 - 12.5 mg/kg (unconditional)
and 12.5 - 25.0 mg/kg (conditional); the ADI of acetic
and fatty acid esters of glycerol is 0 - 100 mg/kg
(unconditional) (171).
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- I. Nomsgclsture

A. Common names: Tall oi1® (Tallol; Liquid rosin)
B. Chemical name: Tall oil

C. Trade names®: Crude tall oil: Acintol C; Advanol; Campol (8u485);
Covoll; Opail; Plymouth; Superiocr; Trostol; Ligro

Dis | ¢ t ojls: Acintol (D, etc.);
Acolin; Aconon; Acosix; Campol (36-5, etec.); Facoils;
Induscil; Pamaks; Bogol; Rosoil; Unitol.

D. Chemical Abstracts Services Unique Registry Number: MX800226L

II. irical F a

A. Tall oil. Tall oil is a mixture of fatty acids, resin acids, and un-
saponifiable matter. It is obtained from pine wood as a by-product of the kraft
or sulfate process in the manufacture of paper. The strong alkaline chemicals
used for pulping (digesting) the wood convert the fats and resins present into
soaps (sulfate soap) which is skimmed off the surface of the spent liquor. When
the soaps or skimmings are acidified, tall oil results. The yield and composition
vary with the species or pine, its geographic source, and the method of handling
after the wood is cut. HNormally, from 60 to 110 pounds of crude tall oil are
obtained per ton (2000 lbs) of pine wood pulp (90% dry). 1In gpneill. fatty acids
range from 35-60%, resin® acids from 35-55%, and unsaponifisble matter from 5-10%.

B. Constituents

Fatty acids - Oleic acid or gis-9-octedecanoic acid (C,gH3,0,) and lin-

oleic acid or gis-9,12-octadecadiencic acid (CygH4705) are the main components.
Seppanen (/132) points out that the presence of cis-5,9,12-octadecatriencic acid
and ¢cis-5,11,lk-eicosatriencic acid in tall oil makes it uniqﬁe because the
location of the double bonds in these acids differ from those in the octadecatri-
enoic and eicosatrienoic acids of other natural fata. Other fatty acids that have
been found in tell oil are shown in Teble 1.

a "Tall" is the Swedish word for "pine". See Appendix for large list of
synonyms .
b Manufacturers sre listed in Appendix.

¢ "Resin" and "rosin" are used synonymously in the tall oil literature and
in this monograph.
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ROSIN ACIDS - ABIETIC TYPES S

Sese s aqles

Levopimaric Acid ietic Acid Neoabiatic Acid Palustric 2.id
i iGCJ!OH i jCC)OH %{
Dihydroabietic Acid Tetrahydroabietic Acid Dehydroabiatic Acid

ROSIN ACIDS - PIMARIC TYPES

- _COOH
%CH = CH, —CHw %CH: )
CH = CH; *CH = CHj,

Pimaric Acid Isopimaric Acid Sandaracopimaric Acid
COOH COOH ) COOH COOH
%Cﬂa CH, %CH:CFH %ﬁ:ﬂs %Cﬂ:
CHgy CHy ICHg CHy > CHaCHy
Dihydropimaric Acid Tetrahydropimaric Acid Dihydroisopimaric Acid Tetrahydroisopimarie Acid

Pig. 1 Rosin Acide®*

® Courtesy of Arisoma Chemical Company, Wayne, New Jersey
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saponi £1al ractieon - This traction consists mainly of hydro-
carbons and stqrola but ite composition is exceedingly complex. lgolitoaterol
(CagH500) is the major sterol; o -sitosterol (C3oHso0) snd stigmasterol (CpgHyg0)
are also found. The hydrocerbon fraction contains sesqui- and diterpene hydro-
carbons as well as aliphatic and other types. About one-third of the unsapon-

-ifiable fraction consists of diterpene alcohols and aldehydes of pimaric, isopim-
aric, abietic, and dehydrosbietic types.Lignoceryl, &racinol, and behenic alcohols

are present. In addition, trans-3,5-dimethylstilbene, "tall oil ketone", campe-
sterol, f3—sitoutanol, squalene, cycloartenol, and pinosylvin dimethyl ether

have been isolated as well as a number of minor components. Small emounts of
highly-colored and highly-odorous materials are also present in tall oil. Current

'_refining methods do not alweys eliminate all of these, such as certain sulfur

compounds; this fact has barred the use of some tall oils in certain applications
(172).

As indicéted earlier, tall oils vary considerably in composition
depending on the kind and source of the raw materiel. In Finland, for example,
yields are higher in the northern part of the country, and there is a marked

difference in the resin and fatty acid contents as compared with tall oil from

the southern part (see Table 3) (132). American tall oils also vary consider-
ably in composition as shown in Table k.

Americen tall 0il has a more resinous and less rishy odor than that
produced in Finland and Sweden. Moreover, it is more difficult to distill than
the Scandinavian crude oils and thebrcsin acids do not separate out as completely
(161). Tall oil from northern Finland has a higher concentration of unsaturated (;3
fatty acids than North American tall oil (132).

" Table 3. Variation in Composition of Northern and Southern
Finnish Tall 0ils (132),

Northern Finland Southern Finlapd

Saturated fatty acids 6.3-6.8% 8.3-18.3%
Oleic acid | | 28-31% 32-43%
Linoleic acid 55-64% 38-57%
Linolenic acid 0.9-2.0% 0.5-1.0%
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Table 4. Variation in Composition of Some U.S.A. Crude Tall 0ils (161)

Fatty acids Rosin acids Sterols
Tall ofl 2 %
A 54 38 8.4
B 52 39 8.5
Cc 54 ko T.2
D 54 k2 6.7
E 39 42 18.1
F 50 Ly 7.5
G b7 s 7.5
H 46 Y g 7.8
I 43 51 8.6
J 37 56 7.0
K 36 58 6.5




=,

e

fagl

e

s

e

i,

oy

III. S8tructural Formulse

coon

Oleic acid Lino] i 1

MajJor Tall 0il PFatty Acids

CXg coon
CHy
cu(cmy),
Abjetic acid

Main resin scid in tall oil

~sitosterol

Main sterocl in tall oil

Ho'

St‘ r0l

Other sterols found in tall o{l
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IV. Molecular Weight - main tall oil ¢

Fatty acids: Oleic acid -
Linoleic acid -
Resin acids: Abietic acid -

onstituents
284,45
280. L4
302,44

Unseponifiable materials: (X-sitosterol - 426.T0
[3 -sitosterol - L1k.69

V. Specifications

Stigmasterol - 412,67

The Merck Index (139) gives the following general specifications for crude

tall oil:

Dark brown liquid
Acrid odor similar to thet of
d 0-95-1-0

ng® approx. 1.5

Acid no. 1T70-180
Saponification no. 172-185
Iodine no. 120-~-188

Fatty acids 50-60%

Rosin acids 34-k0§
Unsaponifiable matter 5-10%

burnt rosin

Specifications for tall oil rosin, tall oil pitch, and some other tall oil

products are given in Tgble 5.

A pharmaceuticel-grade tall oil sterol preparation with the following spec-
ifications has been developed for lowering the blood chelesterol (140):

Chloroferm-insolubles 0.1 max.
Dirt 10 ppm
Color (opt. den. at 400 mu)0.100 max.
Melting point 134-140°C
Specific rotation -25 to -38
Moisture & volatiles 2% max.
Ash 1% max.

Heavy metals

Sodium

Methanol

Total sterols®
Unsaturated sterols
Taste

Particle specification

20 ppm max.
0.1% max.
0.0 ppm
95% min.
85% min.
Bland
l-in. diam. max.

Glycerol esters of tall oil rosin for use in chewing gum base must meet

the following specifications (009):

Acid No.

Color

Softening point

Ester purified by steam stripping

& By digitonin assay.

5~12
N or paler
80-88°C



\"h»u/,
v, -

Table 5. Analysis Values of Typical U.S. Tall 0il Products (064)

-

Specific Refractive

Acid Sap. Rosin Fatty Color gravity index

Product No. No. acids Unsap. acids Gardner 25°/25°C 25%
Crude tall oil - - % 4 - - -

Low rosin 170 1Th Lo.0 6.9 52.5 17 0.960 - 1.5030
High rosin 166 172 k9.0 T.1 43,1 18 0.975 1.5100

Distilled tall oil 190 194 29.0 1.2 69.8 T+ 0.9hT 1.k860
Acid refined tall oil 169 173 ko.o 6.8 53.1 8 0.980 1.5025
Tall oil fatty acids 192 194 4.0 4.0 92.0 T+ 0.901 1.k720
196 197 1.3 1.5 97.2 5+ 0.900 1.4670

198 199 0.h4 0.k 99.2 3+ 0.897 1.k645

Tall oil heads 172 177 0.5 15 84.4 éﬁ 0.905 1.k75h
Tall oil rosin 168 176 9k k.0 2.0 1.069 -—
Tall oil pitch 55 115 32 32 30 17¢ 1.005 -—

& Includes rosin esters and anhydrides. b U.S. rosin color standards. © 10% solution in benzehe




N Two tall oil rosin derivatives used in the manufacture of food packaging
- -containers have the following specifications (011);
Glyceryl ester of maleic anhydride-modified tall oil rosin
Acid Fo. 30-k0
- Saponification No. <280
Drop softening point 1k1-146°C
Color N or paler
Glyceryl ester of disproportionated tall oil rosin
Acid No. 5 to 10
— Saponification No. <180
Drop softening point 84-93°C
Color _ WG or paler
Oleic acid derived from tall oil fatty acids may be safely used in foods
and as a component in the manufacture of food-grade additives, according to the
- Code of Federal Regulations, if it meets the following specifications (011):
A. The additive consists of purified oleic acid separated from
s refined tall oil fatty acids.
B. The additive meets the following specifications:
— . 1. Specifications prescribed in "Food Chemicals Codex"
| for oleic acid, except that titer (solidification point)
. shall not exceed 13.5 C and unsaponifiable matter shall not
A exceed 0.5%.
2. The resin acid content does not exceed 0.01% as determined
o~ by ASTM Method D 12L40-5k (1961).
3. The requirements for absence of chick-edems factor as prescribed
= 121.10T70.
‘ C. It is used or intended for use as follows:
o 1. 1In foods as a lubricant, binder, and defoaming agent in
accordance with good manufacturing practice.
2. As & component in manufacture. of other food-grade additives.
- The specifications for a number of American commercial tall oils and tall
oil products are given in Appendix A.
Paaa

-~ 9
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VI. Desgription

Uhole or crude tall oil is a pale amber to dark brown oily liquid which
varies in consistency from a relatively thin liquid to a semi-solid "magma" of
oil and crystals. It has a slightly resinous, slightly fishy odor. Physical
propertict and chemical composition vary considerably according to the source
of the wood used and certain processing procedures. Tall oil is combustible.
The flash point is 360°C.

Refined tall oil is usually produced by fractional steem distillation of
crude tall oil at about 250°C, under reduced pressure of spproximately 1 mm Hg.
The clear amber distillate is cooled to crystallize the resin acids which are
removed from the fatty acid supernatant fraction by centrifugation. High quality
tall oil fatty acid preparations more than 99% pure have been produced. Resin
acid fractions run as high as 97% pure.

Other tall oil rew materials and products are:

Sulfate soap - Skimhkings from the spent digesting liquor in the sulfate
(kraft) wood pulp process; these consist chiefly of sodium salts of fatty acids
and resin acids,

Tall oil - the product formed on acidification of the sulfate soap.

Tall light oil ~ the first light oil resulting from the vecuum distillation
of tall oil. It is composed chiefly of unsaponifiable matter but contains some
entrained fatty acids.

Tall fatty acid -~ the entire vacuum distillate from tall oil which consists
mainly of fatty acids. The highly refined grades contain more than 99% fatty
acids and less than 0.5% resin acids. Ordinary grades contain from 10-20% resin
acids.

Tall rosin acids - the solid crystalline substance which separates out from
the distillate of tall oil and is obtained by centrifugation®. Its main con-
stituent is abietic acid.

Tall rosin oil - a resinous oily material prepared by the dry distillation
of tall rosin acids or tall rosin. '

Tall pitch - the residue that remains after the vacuum distillation of tall

oil.
Tall soap - the ascdium salts of tall fatty acids.

Tall soft soap - the potassium salts of tall fatty acids.
Tall rosin soap is also prepared.

% These organic acids respond to the Liebermann-Storch test for rosin and are not
esterified by the Wolff procedure.

10
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VII. Ansiyticel Methods

The co-pmdition of tall oil, a variable mixture of fatty acids, resin
acids and unsaponifisble matter, is such that it is impossible to analyze
a food substance to determine if tall oil has been added. Since no constituent
has yet been identified as being unique to tall oil, finding any constituent
of tall oil in & substance is not conclusive evidence that tall oil has been
added or used in processing.

VIII. Ogourrence and Levels

Tall oil is a by-product of the wood pulp industry and does not occur
naturally. The highly alkaline chemicals used in the kraft or sulfste process
for digesting the lignin which binds the cellulose fibers together convert the
fats and resins to soaps that are later skimmed from the spent liquor. Tall oil
1s obtained when the soaps (skimmings) are acidified. A$ mentioned earlier, it
is a mixture of fatty acids, resin acids, and unsaponifisble matter.

A. Plants. Various species of pine trees are apparently the richest source
of the resins and other constituents of tall oil. Since pine wood is the kind
most widely used in paper making, most of the tall oil is obtained from this
source. The yield of tall oil varies from 60 to 110 pounds per ton (2000 pounds)
of pine pulp (90% dry) (161). Sulfate soap, the starting material for tall oil
production, occurs to the extent of about 60% in the skimmings from the spent
pulping liquor (Black liquor). The percentage of tall oil recovered is as high
as 9T% using the best modern methods. (132). One ton of crude tall oil yields
approximately 500 pounds of fatty acids, 800 pounds of resin acids, and 700 pounds
of secondary products (distilled tall oil, tall oil piteh, etc.).

B. Animals. Tall oil does not occur naturally in animals.

C. Synthetics. Tall oil has many commercial applications in addition to
the use of certain of its refined derivatives in foods and confections and in
the synthesis of certain medicinal products (cortisone, anti-cholesterol prepara-~
tions, sex hormones). The ever-growing list includes: enuliifiers, anti-foam
agents (yeast, antibiotic production, etc.), animal feeds, paper sizes, water-
proofing agents (paper, etc.), cellulose industry, oil cloth and linocleum,
coatings, rubber chemicals, synthetic rubber, wetting agents, adhesives, binders,
resins, driers, soaps and other cleaners, diuiﬁrectanta, fungicides, insecticides,

11
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greases, polishes, soluble oils, textile oils, gloss oils, drying oils,
sulfonated oils, penetrating oils, cutting oils, boring oils, core oils,
factices, flotation agents, paint, varnishes, pigment wetting agents, and
printing inks (006,161).

D. Natural Inorganic Sources. There are no natural inorganic sources
of tall oil.

12
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As part of a study on the effect of kraft pulp mill wastes on aquatic
organisms, Van Horn (152) immersed minnows, one to five per group, in varying
concentrations of several tall oil products (See Table 6) in two-liter amounts
at 18°C in open battery jars. The fish were observed hourly during five days
for signs of toxicity. Survivel times were recorded for all fatalities. In
addition, determinations of pH, total alkalinity, and dissolved oxygen content
vere made at the conclusion of each test. If the dissolved oxygen level fell
below 4 ppm, or if either of the other conditions was unfavorable for fish life,
the dﬁta were discarded. Moreover, 100¥ survival of the untreated controls was
required in each experiment. The results are presented in Acute Toxicity Table 6.

The toxicity of the tall oil resin fraction for the minnow (1 ppm) approaches
that of methyl mercaptan (0.5 ppm), & better known toxic substance also found in
pulp mill effluents. Crude sulfaté soap and its fatty acid fraction are relatively
less toxic (5 ppm). The minimum lethal concentrations of sodium oleate ( 5 ppm),
sodium sbietate (3 ppm), and phytosterol (3 ppm), all of which are compounds or
derivatives normally found in tall oil, were determined also in this study.

B, Mice

The oral LDSO value of pale tall oil roein in mice (atruin,‘nuuber, sge,
sex not given) following administration of the substance as a 30% solution in corn
oil is given in Table 6 (177).

C. Rats

1. Weil et al. (136,158) administered several commercial type, epoxidized

tall oil products to Carworth-Wistar male rats (i to 5 weeks of age, 90-120 grams
BW), five animals per group, in single graded doses of a logarithmic series dif-
fering by a factor of two. Water, corn oil, or semi-solid agar served as the
diluent or vehicle where necessary. The animals were observed over a period of
1% days and the LD5y calculated from the mortality data. The results are pre-
sented in Table 6. Neither tall oil itself, nor any of its ummodified components,
were included in this study since the esuthor's primary purpose was investigation
of the toxicity and possible carcinogenicity of epoxides. Date on the subject
compounds are included in Table 6 because epoxidized tall oil products are some-
times used in coatings for containers that might come into contact with foods.

13
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Table 6. Acute Toxicity of Some Tall 0il Products
Animal Sex & No. Route Dosage Measurement Reference

Crude sulfate soap Fish 1-5 Immersion 5.0% MLc® Van Horm (152)
Sodium salts of fatty acid Pish 1-5 Immersion 5.0% MLc® Van Horn (152)
Fraction of crude soap
Sodium salts of resin séid Fish 1-5 Immersion 1.0 MLc® Van Horn (152)
fraction of crude soap
Pale tall oil roain Mice -— p.o. - k600P LDy, Hercules (177)
Pale tall oil rosin Rats -— p.o. T600° LD, Hercules (177)
Epoxidized 2-ethylhexyl ester Rats 5 males p.o. 22,6000 LDsq Weil (158)
of tall oil fatty acids
Alkyl epoxytallate Rats 5 males p.o. k5 ,300° LDs Weil  (158)
Epoxidized Carbowax 200 ester Rats 5 males p.o. 39,kooP LD, Weil (158)
of tall oil fatty acids
Epoxidized ethylene glycol ester Rats 5 males pP.o. 53,800" Lbs Weil {(158)
of tall oil fatty acids
Calcium salt of epoxidized Rats S males p.o. 20,000° LDs, Weil (158)
tall oil fatty acids
Magnesium salt of epoxidized Rats 5 males p.o. 10,000° LD, Weil (158)
tall oil fatty acids
3, k~epoxy-6-methyl-cyclohexylmethyl Rats 5 males p.o. 26,000b Ldgg Weil (158)
ester of tall oil fatty acids

Guinea pigs — p.é. 4600 ° LDSO Hercules (177)

Pale tall oil rosin
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Route

Substance Animal Sex & No. Dosage Measurement Reference
Epoxidized 2-ethylhexyl ester Rabbits L males Skin > 20,000 LDg, Weil (158)
of tall oil fatty acids
Alkyl epoxytallate Rabbits 4 males Skin » 15,900 LDSO Weil (158)
Epoxidized Carbowax 200 ester Rabbits 4 males Skin 7 20,000 LDsgq Weil (158)
of tall oil fatty acids

b mg/kg ¢ Lowest concentration which killed any of the fish

® Parts per million (ppm)

within 5 days.
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2. The oral LD5° of pale tall oil rosin in rats (strain, number, sex,
age, weight not specified) was determined (177) using a 30% solution of the
material in corn oil. The results are given in Table 6.

D. Guinea pigs

The oral LDsg of pale tall oil rosin in the guinea pig was determined (177).
The substance was administered to the animals (strain, number, age, sex, veight not
given) as a 30% solution in corn oil. The results are presented in Table 6.

E. Rabbits

- Weil et al. (136,158) ascertained the topical IDsy values of epoxidized tall

oil products in the rabbit. Albino New Zealand rabbits, 2.5-3.5 kg males in groups
of four, were employed. After removing the fur from the entire trunk by clipping,
the animals were immobilized and graded doses of the compounds were applied to
the skin and secured for a period of 2k hours, by means of an impervious plastic
covering. The film was then removed and the animals caged for a lli-day observation
period. LDg5p values were then calculated from the fatality data. Dosages greater
than 20 ml/kg were not used because it was impossible to retain the material in
contact with the skin for the necessary period of time. The results are presented
in Table 6.

II. §Qgg§—§e;!,§tudges

A. Shellfish

In a study of the effect of pulp mill wastes on York River (Virginia) oysters,
Chipman et al. (030) exposed normal adult oysters to varying comcentrations of
the following tall oil products: strong kraft soap, weak soap, and black liguor.
The effect on the pumping rate of water through the gills, after an exposure
period of 30 minutes, was determined by timing the movement of a cone of carmine
particles from a reservoir connected to the cloaca of the oyster (Carmine cone
method). The rate of pumping before addition of the tall oil product was taken
as 100f in the calculations. Untreated control oysters were included in each
test. Strong kraft soap in dilutions as high as 1:200,000 had a fairly strong
depressant effect on the pumping rate. Weak soap and black liquor were less toxic.
Further studies showed that the toxic factor could be destroyed by oxidation;
its chemical nature was not determined but the author suggested a dioxystilbene,
present in pine wood, as a possibility. The effect of some pulp mill effluents
on oysters is shown in Tables 7 and 8.
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Table 7. Mean Values of Hours Open in Various Concentration of Pulp~Mill

Effluent (030)

Concentration

in Parts per Mean Value of Standard Standard
10 Liters Hours Open Deviation Error

1,000 5 .o e

100 8.5 e ‘e

5 12.8 2.40 + 0.85

25 13.7 2,52 + 0.89

10 13.5 3.89 + 1.17

5 17.9 1.29 + 0.65

2.5 20.5 3.15 + 1.57

2.0 19.2 1.63 + 0.67

1.0 20.9 2.06 + 1.03

0 21.3 1.29 + 0.26

Table 8. Depression of the Rate of Filtration Caused by Pulp-Mill Effluent (030)

[Specific gravity 1.0043. Carmine-cone method. Figures express means

of percentage

of normal rate. Each oyster was exposed to one concentration of the effluent for
1-1/2 houre. Three sets of readings were made at half-hours intervals. ]

Percentage Percentage
Concentration, Number of Normal Standard of
parts per liter of oysters Rate Deviation Depression
0 21 100 0
0.25 6 99.2 4.37 +0.87 0.8
0.5 18 89.2 8.21 + 1.90 10.8
1.0 27 77.8 5.83 + 1.12 22,2
2.0 15 36.5 5.65 + 1.46 63.5
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B. Fish

1. Nehring (105) exposed two species of fish -~ perch (Perca fluvialis) and
roaches (Rutilus rutilus), average length, 13-18 cm, to varying concentrations of
tall oil in water (10 liters) in well-ventilated glass aquaria at a temperature
range of 11-17°C for a period of 3-4 days. The tall oil used had the following
specifications: fatty acids (40-55%), resin acids (30-40%), unsaponifiable matter
(12.5%), petroleum ether-insoluble residue (2%). Ethanol (amount not given) was
added to the tall oil to promote emulsification with the aquarium water. Apparently

the amount used was not toxic.

C. Chicks

1. Sunde (142) fed chicks tall oil and tall oil resin acids as part of a
general study on the value of fats as supplements for chick rations. The crude
tall oil used (Ligro®) consisted of 46-52% fatty acids, and 41-527 resin acids.
The refined oil was a distillate from the crude oil consisting of 61-71% fatty
aclds (oleic acid, 45, linoleic acid, 48, palmitic acid, 6~7) and 25-30% resin
acids. The tall oill rosin acids fraction, crystallized from crude tall oil,
contained about 90% resin acids (abletic acid 30-40, neoabietic acid, 10-20, and
other resin acids in smaller amounts).

Day-old chicks of both sexes, progeny of New Hampshire males and Single Comb
White Leghorn females, 25 chicks per group, were fed the tall oil products at
levels of 5%Z in Basal diet A for a period of 4 weeks. Tenox IIb was added in
the amount of 0.5% to all fatty acids used in the study except stearic acid and
the hydrogenated fats. Control groups on the basal diet alone were included in
each experiment. Effects of the supplements on growth rate, feed utilization
(grams feed/g weight), and percent fat in the feces were determined; results are
presented in Table 10.

 All of the tall oil products had a depressing effect on growth. The rosin
acids fraction had the most severe effect; refined tall oil was the least deleter-
ious; crude tall oil (Ligro) was Intermediate between the other two in its effect.
Sunde concluded that the growth-depressing effect of refined tall oil was due to
resin acids not removed by distillation (25-30%).
Feed utilization (grams feed/gram weight) was also reduced by refined as well

as crude oil. This determination was not made with the rosin-fed chicks.

a Manufactured by West Virginia Pulp & Paper Company, Charleston, South Carolina.

b Butylated hydroxyanisole (20%), propyl gallate (6%), Citric Acid (4%), and
Propylene glycol (70%)

18
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Table 9. Toxicity of Tall 0il for Fish (105)

Substance Animal Age & Wt, Route Dosage Measurement Reference
Tall 01l Fish 13-18 cm Immersion 10-20% Threshold® Nehring (105)
(Perch) in length value
Tall 01l Fish 13-18 cm  Immersion  20-k0®  Threshold® Nehring (105)
o~ (Roach) in length value
- ® mg/liter

Concentration of the substence at which the first clearly-detectable poisoning

symptoms appear in an aquarium test within 3 to U4 days

— T
Table 10, The Effect on Chicks of Tall Oil Products, and Fatty Acids on
Body Weight, Feed Conversion and Feces Fat (142)
"~ Experiment 8
Oms. feed £ fat
o~ Wt.(gms) = ——ceemeeee in dry
Gm. wt. feces
- Basal diet A 302.2 2.04 1.12
312.5 2.05 1.20
- Basal + 5% crude tall oil 155.8 3.05 -
Basal + 5% tall oil 201.7 3.01 2.bk
Basal + 5% rosin acids 88.9 - -
- Basal + 5% oleic acid 282.7 1.95 1.89
Basal + 5% butyric acid 204.7 1.95 9k
- Basal + 5% linolenic acid 327.3 1.89 2.1k
Basal + 5% white grease 290.1 1.92 1.27
g Basal + 5% linoleic acid 316.3 1.91 1.45
PN

.
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2. Antila et al. (014) investigated the effect of tall oil fatty acid
ethyl esters as a dietary supplement on egg production, fertility, hatchability,
and composition of carcass lipids in a series of three experiments lasting from
3 to 6 months. In each experiment, White Leghorn hens, 23 to 63 per group, wvere
fed tall oil fatty acid ethyl esters at levels of 5% and 10% in a basic diet.
Food and water were allowed ad libitum. In addition, a grain mixture (one-half
oats and one-half barley) was provided in the amount of 60 grams per hen per day.
A control group, fed the basic diet and grain mixture only, was included in each
experiment. Food consumption and egg production were determined for each group.
Egg weight, fertility, hatchability, and certain other characteristics were
determined on eggs selected at random from each group. Effect of the compounds
on carcasg fat composition was ascertained by fatty acid analysis. The results
are given in Tables 11-17.

Although no fatalities attributable to the tall oil fatty acid ethyl esters
were mentioned, the higher level (10% in diet) definitely reduced food consump-
tion in all experiments. The authors attributed this to appetite impairment which
could, of course, be a manifestation of toxicity. At the lower fat level (5% in
diet), food consumption was lower than that of the controls in the first exper-
iment, but not in the second and third experiments. The grain ration was consumed
completely by all groups in each experiment (Tables 11-13).

Table 11. Feeding Test, May to July 1962 (014)

IEthy! ester
in the total

Average Egg  Dry leed feed rutlon
number  produc- mixture Grains  Tolal e,
Month of hens  tion (%) g [ i3 ¢ v
tiroup No. 1 1A' 27.0 63.5
(Conirols) v 27.0 64.1 81 60 111
VI 25.5 64.4 71 G0 131
vil 23.8 62.8 69 G0 129
Group No. 2 v 52.0 61.0
59 ethyl ester v 514 54.8 50 G0 110 2.5 2.3
in the dry feed VI 46.7 55.0 54 GO 114° 2.7 2.4
mixture viI 45.8 59.9 62 60 122 3.1 2.6
Group No. 3 v 64.0 59.7
10 % cthyl ester V 03.5 55.6 55 ({11] 14 5.5 1.8
in the dry feed VI 56.0 52.7 45 60 105 4.5 4.3
mixture Vil 52.9 50.6 5

50 60 1o 50 1.5
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Table 12. Feeding Test, December 1962 to May 1963 (014)

—————e
By ester
in the totg)

Average 12gg  Dry feed teed ratlgy
number  produc- mixture Grains  ‘Tolal ——
Month of hens  tion (%) [ '] ['s g .
Group No. 1 NI 36.7 72.7 80 60 140
(Coutrols) 1 36.0 68.1 53 60 113
I1 35.4 73.1 59 60 119
1L 34.9 G68.0 47 60 107
v 33.4 66.4 52 60 112
AY 20.1 60.0 78 60 138
Group No. 2 X1 30.0 85.2 69 60 129 3.5 23
59, ethyl ester 1 30.0 82.7 57 [Hi] 117 2.9 2.4
in the dry leed 13 29.4 84.4 63 [i14] 123 3.2 2.4
mixture 1t 20.0 75.4 51 60 “ 111 2.6 24
v 20.0 76.2 82 60 142 4.1 2.4
v 206.2 71.6 83 60 143 4.2 2
Group No. 3 NII 29.3 71.1 51 60 111 5.1 48
109 cthyl ester I 26.8 (3.3 40 60 100 4.0 X0
tn the dry feed 1 26.0 63.2 30 60 " 90 3.0 KR
mixture m 25.1 6:3.4 30 60 a0 3.0 e
v 25.0 61.7 50 60 110 5.0 L0
v 23.1 (9.1 . 47 60 107 4.7 i

Table 13, Feeding Test, February to April 1964 (014)

Ethyl ester
in the total
Average Egg Dry feed feed ration
number produc- mixture Grains Total ——m,
Month of hens tion (%) 8 Y I g %
Group No. 1 II 39.0 79.6 77 GO 137
(Controls) It 39.0 78.1 90 60 150
v 38.1 68.8 69 (1] 129
Group No. 2 1 42,0 81.2 60 60 120 3.0 2.5 .
5o, ethyl ester in 111 42.0 77.5 70 60 130 3.5 2.7
Lhe dry [eed mixtare IV 11.0 74.7 64 GO 124 .. 3.2 2.6
Group No. 3 1 47.0 77.0 52 G0 112 5.2 1.6
10 e, ethyl ester in 411 47.0 72.8 57 60 117 5.7 4.9
the dry feed mixture 1V 45.1 70.0 50 GO 110 5.0 4.5

The authors interpreted the variable egg production data as
a detrimental effect of the tall oil preparation (Tables 11-13).
and hatchability, on the other hand, were not impaired (Table 1k).
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Marked changes occurred in the fatty acid composition of the yolk in
' response to feeding the tall oil products. The amount of oleic acid increased
significantly whereas the concentrations of palmitic, stearic, and linoleic
- acids were correspondingly lowered (Table 15). The tall oil esters also caused
& reduction in egg veight and impaired baking characteristics (Table 16).
- Table 1k, Fertilization and Hatching Percentage of Eggs (014)
Iertilization percentage ‘Hnlchlng percentage
o Lithy! ester in thc:: Lithyl ester in the
dry feed mixture dry feed mixture
e U NU—
Group Controls L 104 Controls 5% 10°,
- Iirst hatching U4.6 87.9 89.2 80,0 81.3 T
Second halching 93.2 87.7 90.8 83.8 79.2 e
Mean 93.8 87.8 90.0 81.9 _80.2 s
In order to clarify the composition and properties of the eggs, the
— weights of shell, egg white and yolk were separately determined for 19
random samples from each feeding group. Furthermore, the fat content
of the yolkk was determined and the iodine number and fally acid
composilion’ of the isolated lipids were determined. In conditions con-
T ‘f i3
Table 15. Effect of Ethyl Ester Feeding on the Fatty Acid
— Composition of the Eggs Lipids (014)
Ethy! ester Fat lodine Ialty acld composition (9;) \
In the dry  JFeeding content  number ——
feed (%) test No. % of the fat  C,, Cig Crl=  Cyy Gyt~ (o
o —
0 2 317 77.3 0.8 208 2R 139 355 1,
3 77.5
5 2 32.5 77.4 0.6 263 4.1 0.7 434 g5,
! 3 78.8
10 p) 32,7 78.4 06 252 4.8 8.5 478 iy
3
Table 16. Effect of the Feeding of Ethyl Esters of the Fatty
Acids of Tall 0il an the Weight of the Eggs (014)
- - The ﬁguréi refer to 15 cggs ‘cach. ' .
Iithyl Egg-white Handling
vsler in Weight  Shell weight weight Yolk weight  losscs
the dry  Feeding  of the —r——— s, e, ———tee—PeF cent
- feed (%) test No.  epgs, g € % B % K %%  unlts
-0 2 8977 862 9.6 5334 504 2660 207 1.3
s 3 0140 853 9.3 5378 548 2764 302 1.7
‘ 5 2 £8890.6 85.2 9.6 521.6 58.6 2669 30.0 1.8
~ 3 8853  89.0 105 512.33 58.1. 2(17.4 80509
; 10 2 861.0 854 9.0 5043 BRG 2047 0.6 0.9
- 3 8727 BOK 103 5069 ORA S6RE 308 0.8
prom
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In contrast to the effect on yolk lipids, tall oil fatty acid ethyl esters
caused no alternation in the composition of carcass fat in the chick (See Table 17).

Firestone et al. (048) recently discovered the chick-edema factor in tall
oil. This substance, found in toxic fats, has caused large numbers of chick
fatalities. A food edditive regulation of the FDA now requires that food grade
fatty acids be free of the chick-edema or other toxic factors (Code of Federal
Regulations, Title 21, Section 121.1070) (01l). The exact chemical nature of
this factor has not been determined as yet, but considerable evidence points
tovard the chlorinated aromatic hydrocarbons (048).

D. Rats

1. Young albino rats (strain, age, sex, weight, and numbers not specified),
fed pale tall oil, gum, and wood rosin in the diet at levels of 5, 1, 0.2, 0.05,
and 0.01 percent for 90 days, were observed for general appearance, food con-
sumption, and growth (177). Hematologic and urine analyses were performed also.
At thé conclusion of the 90-dey period, all surviving animals were sacrificed
and examined for gross and microscopic pathologic changes in heart, liver, kidneys,
spleen, brain, and a number of other organs. .

At the 5% level, all of the rats died within two weeks. Death was preceded
by marked food refusal and a rapid weight loss.

At the 1% level, no fatalities occurred although food intake and growbh were
below normal at first. After two weeks, however, both rates were comparable
to those of the untreated controls. Urine and hematologic values were normal
throughout. At autopsy the test animals were found to have higher ldver weights
than the controls, but other organ weights were normal. No significant histopath-
ologic alterations were seen in any of the organs, including the liver.

At the 0.2, 0.05, and 0.01% levels, no significant differences were noted
between treated and control animals.

Table 17. Effect of Ethyl Ester Feeding in the Fatty
Acid Composition of Hens' Carcass Fat (014)

Iithyl ester administered at

0% 59 109

lodine number

of the fat ... 84.2 8.3 85.6
Cye 0.4 0.4 0.5
Cye 19.1 20.6 16.9
Chol = 2.9 3.3 2.7
Cye 5.8 5.5 5.1
Ciel = 46.9 47.8 46,0
Cya2 ™= 24.8 21.1 26,5
Cyp3 = 0.7 0.5 0
Cao 1.0 0.7 0.8
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2. Weil et al. (136,158) subjected albino male or female rats (strain,
age, weight not specified), in groups of six, to the concentrated vapor of
several epoxidized tall oil products for periods ranging from one-fourth to
eight hours, in a logarithmic series with a ratio of two. They then determined
the longest inhalation period which permitted all of the animals to survive
during the two-week subsequent observation period.

All of the preparations were relatively non-toxic, permitting 1002 survival
at the maximum inhalation period of elght hours. Epoxidigzed soybean oil,
glycidyl oleate, and all other edible lipoidal substances included in the test
were likewise relatively non~toxic. In contrast, however, propylene oxide killed
all of the test animals within five minutes and the maximum survival time with
glycidyl acrylate was only thirty minutes.

3. Seppanon and coworkers (131,132), in a series of thorough and detailed
experiments, investigated the effect of a number of tall oil faﬁty acid products
as dietary supplements in the nutrition of rats. These studies are prompted in
the main by discoveries that indicated the possibility of preparing suitable
food fats from tall oil. For example, the ethyl and glyceryl esters of refined
tall oil fatty acids resemble edible oils like soybean oil in many respects.

In the preliminary experiment, Seppanen et al. (131) fed weanling Sprague-
Dawley male or female rats (40-50 g BW, ten per group) various tall oill prepara-
tions at levels of 13.5% and 35% (30% and 60X of the total calories) in a basal
diet® for periods of three weeks (one 2-1/2 month experiment was conducted also).
Control groups received corresponding amounts of soybean oil, butter, or com—
mercial margarine. The animals were kept in individual wire-bottom cages; food
and water were made available ad libitum. In the short-term experiments, effect
on growth was ascertained on the basis of growth curves plotted from average
body weights at various intervals. In the "long-term" study, effects on
reproduction and on several internal organs were determined also. The results
are presented in Figures 3-7.

Both refined and unrefined glyceryl, and ethyl esters of tall oil fatty
acids had a marked inhibitory effect on the growth of rats when fed at levels
of 13.5% and 35% in the diet. The effect of the unrefined ethyl product was
especially pronounced causing death of the entire group within ten days (see
Fig. 3).

8 Graham flour, casein, dried brewer's yeast, and salt mixture.
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Figure 3. Average body Weights of Rats Fed 30% of the Calories from Ethkyl Ester
of Soybean 0il (1), Refined Esters of Tall Oil Patty Acids (2) or
Unrefined Ethyl Esters of Tall 0il Patty Acids (3).

Weight grams

¥

0 S 10 15 20 Time days

Figure L. Average Body Weights of Rats Fed 30 or 60% of the Calories From
Soybean 011 (1 and 2) and 30 or 60% of the Calories from Glyceryl
Esters of Tall 0il Fatty Acids (3 and k)

140

120

Weight grams

.0 s 10 15 20 2% Time days

Figure 5. Average Body Weights of Rats Fed 30§ of the Calories from Hydrogen-
ated Soybean 011 (1), Saybean 0il (2) or Hydrogentated Glyceryl
Esters of Tall 0il Fatty Acids (3).

25



e

it

i

bl

Figure 6.

Figure T.
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0 5 10 i 20 x Time days

Aversge Body Weights of Rats Fed 30% of the Calories Fram Ethyl
Ester of Linseed 0il (1), Ethyl Esters of Tall 0il Fatty Acids(2)
or Ethyl Ester of cis-5,9,12-Octadecatrienoic Acid (3).
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0 10 20 30 0 50 80 70 s0 Timc days

Average Body Weights of Male Rats Fed 30% of the Calories from
Butter (1), Tall 0il Margarine (2) or Margarine (3) and 60% of
the Calories from Margarine (4), Butter (5) or Tall 0il
Margarine (6).
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Hydrogenation experiments indicated that the growth-retarding principle
was probably sssociated with unsaturated fatty acids since rats fed on hydrogun-
ated glycerylesters tell oil product grew practically as well as the hydrogenated
or unhydrogenated soybean oil controls (see Fig. 5). Further experiments seemed
to incriminate cis-5,9,12-octadecatrienoic acid in particular (see Fig. 6).

The matter is complicated, however, by the results of another experiment where
this acid from a different source did not retard growth (131). '

A "margarine - type" tall oil fatty acid product, prepared by inter-
esterification of hydrogenated refined tall oil fatty acid glycerides and hydrogen-
ated soybean oil, compared very favorably with butter and ordinary margarine in
growth-promoting properties (see Fig.T).A Reproduction was not adversely affected,
and no histopathologic changes vere detected in the heart,.liver, kidneys or
thyroid gland.

Seppanen (132) continued investigstion of tall oil products as dietary sup-
plements in a more extensive and detailed series of experiments on the growth
of rats published in 1969. The fatty acids, resin acids, and unsaponifiable
fractions were studied as well as the refined esters (ethyl and glyceryl) and
hydrogensted interesterified tall oil margarine. Various fatty acid sub-fractions
and cis-5,9, 12-octadecatrienoic acid concentrate were investigated also in an
effort to determine the nature of the growth-retarding factor(s). The mortality
data for this series of experiments are summarized in Table 18.

Male and female, Sprague-Dawley rats were used throughout. The basal fiet
was composed of graham flour, casein, dried brewer's yeast, salt, and vitamin
mixtures. The tall oil products or control fats (soybean oil, butter or margarine)
vere added to the basal diet at the following levels:

Fat or Oil Fat-soluble vitemin
Diet Type “Hwt. % of totsl calories supplement
A 6.1 15 Synthetic
B 13.1 30 Synthetic
c 34.6 60 Synthetic
D 13.2 30 Cod liver oil
E 34.8 60 Cod liver oil

The exact compositions are given in the referenced paper.
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Table 18, Tall 0il Patty Acid Products

in the Diet of Rats - Mortality Data (132)

Percent
Product in diet Mertality

Tall oil fatty akids distillate 6.1 1/10
Tall oil fatty acids distillate 13.1 0/10
Tall oil fatty acids distillate 34.6 10/10%
Ethyl esters of tall oil fatty acids 13.2 0/10
Ethyl esters of tall oil fatty acids 34.6 12/18
Glyceryl esters of tall oil fatty acids 13.2 1/20
Glyceryl esters of tall oll fatty acids 3k4.6 13/26
Hydrogenated glyceryl esters of tall oil 13.2 0/10
fatty acids

Tall oil fetty acids glyceride margarine 13.2 2/34P
Tall ofl fatty acids glyceride margarine 34,8 0/15°
Soybean oil control 6.1 0/10
Soybean oil control 13.2 2/30
Soybean 0il control 34.8 2/46
Butter control 13.2 1/3uP
Butter control 34.8 0/15P
Commercial margarine control 13.2 3/3hb
Commercial margarine control 3Lk.8 3/15°

All animals died within 4 days
Experiment I only
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The rats were caged individuslly and food and water given ad libitum., Food
consumption and growth rates were determined.

The short-term experiments were 2-li weeks in length; male rats only
were used. The "long-term" studies lasted two to three times longer and both
male and femsle rats were used. The animals were observed closely throughout
for toxic effects of the tall oil products as well as their influence on growth.

k., In the first experiment of this series, Seppanen (132) fed groups of
ten young male rats a distillate of tall oil fatty acids at levels of 6.1, 13.1,
and 34.6% (15, 30, and 60% of total calories) in diet types A, B, and C, respect-
ively, for a period of four weeks. Corresponding control groups wvere given the
same amount of soybean oil. Food consumption toxic effects and influence on
the growth rate were determined as indicated above. The experimental design and
results are shown in Table 19 and Figure 8.

At the higher level (34.6%), all of the animals on the tall oil ration
died vithin a few days. (The only other fatality was one of ten animals at
the lower test compound level). At the 13.1% level, food consumption of the
tall oil test group was depressed to a little more than half that of the contrel
grdup and growth was definitely retarded. The final weight difference between
test and control animals wes highly significant statistically (P< 0.001).

5. Young rats (48-49 g.), ten per group, were fed ethyl esters of distilled
tall oil fatty acids by Seppanen (132) at levels of 13.1 and 34.6% in diet types
B and C for periods of ten days and two weeks, respectively. Control groups
wvere fed soybean oil. The results are given in Table 20. ‘

At the higher level of the test product, six of ten young rats died; in
the adult group, only one animal succumbed. Skin lesions were observed, however,
and the animals had glossless shaggy fur. All control:;animals were normal.

No deaths occurred in any of the other groups.

Food consumption and growth rates were depressed at both test levels in
the adult and young groups. At the higher level of the tall oil preparation,
the difference between test and control groups was highly significant statist-
ically (P< 0.0001); at the lower level, the difference was significant
(P< 0.01).

6. Glyceryl esters of distilled tall oil fatty acids, the tall oil products
which resemble edible vegetable oils most closely, were studied by Soppnnnn (132).
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Table 19. Effect of Tall 0il Fatty Acid Distillate on the Weight Gain
of Young Rats (132)

Mean Average cum‘u]ative weight | Average |
Type and amount of initial gain, g Deaths, food i
fat in the diet weight, Week of experiment consump-
g L2 3 4 tion Vg
|
Tall oil !
fatty acid distillate 15 cal 9%, | 40.3 | 16.2 89.4 63.6 955 | 1/10 274.7
Tall oil
fatty acid distillate 30 » 40.1 4.0 166 359 G653 | 0/10 170.5
Tall oil
fatty acid distillato 60  » 39.9 -1 -- - 10/10 -
Soybean oil 15 » 38.8 | 23.0 505 803 10L5 | 0O/10 316.3
Soybean oil 30 40.0 | 30.0 59.6 9089 128.1 | 010 313.6
Soyhean oil 60 40.1 17.9 35.83 576 85.1 0/10 205.6

1 Al animals died within 4 days.
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Figure 8. Cumulative Growth Curves for Rats Fed Tall Oil Fatty Acid Distillate
and Soybean 0il Fatty Acids. (132)

15 cal % tall oil fatty acid distiilate » 6.1% by weight
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————————— 15 » soyboan oil fatty acic p
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Ee fod young rats (51-52 g:), ten per group clarified®, ss well as the ua-

clarified produst, at levels of 13.2% and 34.85 in diet types D and E for o
- period of 20 days. Fool comsumption and growth rates vere determined as before

snd the enimals vere cbserved for symptoms of taxicity throughout. The results
are given in Table 21. |

At the higher fat level, both products were highly toxic. Bix animals in
one group and five in the other succumbed. No deaths occurred in the _eorrespond-
ing comtrol groups. At the lower fat level, two animals in ome test group and
one in the other died. One control animal also succumbed, however.

Pood consumption and weight gain of animals on the tall oil products at
both levels were considerably less than the figures for the corresponding comtrol
animals. The growth rate differences were highly significant statistically.

(P< 0.001).

'T. Since tall oil fatty scid distillate contains a small smount of resim
scids (ca 2%) and unsaponifiable matter, Seppanen (132) fed young rats (40-50: g.),
#1x per group, each of these materials (5 parts + 95 parts soybean oil) at.
levels of 34.8% in diet type E for a period of 21 days, The ob:m was to deter-
mine their possible detrimental sffect on growth. Several other tall oil prepara~
tions were included also, with soybean oil being used as the control. The
overall design of the experiment and the results obtained are presented in Table 22.

One-third of the animals fed unsaponifisble matter and ome-sixth of the
rats on the resin acids diet, succumbed. No deaths occurred in ‘the soybean oil
control group. Two-thirds of the animals fed the glycerol esters of tall oil
fatty acids distillate died. There were no fatalities in any of the other
test groups.

Growth of all animals cn the test diets was poorer than those on the soybean
control diet. The difference was significant statisticelly (P< 0.01) for the
iuh acids and unsaponifisble matter groups. The average food consumption
of these groups wvas also significantly below that of the comtrol group.

® Produced by cooling the ordinary glycerol esters of tall oil fatty
asids distillate to 4°C. snd removing the insoluble material by
ocentrifugation.
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Table 20. Effect of Bthyl Esters of Tall 01l Fatty Acid Distillate on

]

Spp——

Weight Gaim of Bate

‘ Mean :
Typo and °m(§i‘:': of fat in the initial Average cumulative weight gain, g | Deaths
weigh. & oy
»
r Day of experiment
"Young rote , 2, 5 6 8 10 12 (10 days)
Ethyl eaters of tall -
oil fatty acids 60cal 9 | 48.7 -25 -5.0 —-64 —70 —-70 32| /10 39.0
Boybean nil 60 » 48.4 48 129 158 245 322 408 0/10 9.4
Woeek of experiment
Adult rats . 1. 2. 3. 4. (2 weoks)
Ethyl esters of tall
oil fatty acids 30 » | 2202 0.8 16.7 B.4 28.9 0/10 225.2
Ethyl esters of tall
oil fatty acids 60 229.7 —-3186 —364 830 425 1/10 107.9
Soybean oil 80 2290.4 15.0 48.2 51.8 74.9 0/10 258.8
Boybsan oil 60 » 220.8 13.1 40.0 60.9 a9.8 0/10 117.8

Teble 21. Effect of Glyceryl Esters of Distilled Tall 0il Fatty Acids on
Weight Gain of Young Rets ( {13%)

e R eI, e
Mean Average cumulative weight gain, g A;::;ﬂ
Type snd amount of fat in diot initial Day of exporiment Deaths e
woight, g SonEImp
2. 5. 7. 8. 13. 15  17. . 20. tion, g
Glyoery! estors of tall 30 eal %,
oil fatty acide » 61.6 -2.8 6.0 0.5 145 242 271 310 43.3 ] 1/10 132.2
Glyoery! osters of tall ' ‘
oil fatty acide 60 o 61.8 ~79 ~71 -62 -00 -—-52 —485 —45 18| B/10 81.3
Clarified glyceryl estors of .
tall oil fatty acids 30 » 51.7 —2.1 5.2 9.6 124 196 265 305 44.7 | 210 123.0
Clarified glycoryl cstors of i
tell oil fatty acids 60 517 —-748 -—-783 —68 -84 -—25 1.1 -03 33| 810 545
Soybean oil i 30 » 51.6 3.7 179 267 334 541 619 1708 86.1 1/10 186.8
Soybean oil 60 » ! 6186 13 113 171 214 855 410 474 584 | 0/10 127.0
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Teble 22. BRffect of Different Fractions of Glyceryl Esters of Distilled
Tell 011 Patty Acids on Weight Gain of Young Rats .(132) |
‘mv e s L o aww - N . e imter e “ j "
, Moan Avorage ovimulativo woight gain, g Md
Type uﬁd amount of fat in diot wg;:;klx:,lg Day of oxperimont Doatha wmmp
2, 5. 1. 10, 12 14 19, 19l tion, g
Glycoryl ostors of tall
1 oil fatty ncids 60 col 9, 49.1 -306 -61 ~T71 ~54 5.1 G.9 10.9 09 | 4/6 74.5
Soyboan oil/glycoryl estors
of tall oil fatty acids 00:10 60 » 49.1 4.5 13.2 19.9 282 332 407 50.7 B85 0/8 120.0
Soybean oil{glyoceryl estors .
of elaidin precipitate 90:10 60 49.3 4.8 9.7 185 263 317 393 855 052 0/6 133.4
Soybean ofl/unsaponifiable
matter of tall oil fatty ,
acid distillate 95:8 60 » 40.8 §3 118 195 23.0 2758 207 474 B30 | 2/8 119.5
Boybean oil/resin acids
of tall oil fatty acid
distillate 98:5 G0 » 49.3 -0.8 2.0 80 197 249 209 450 G541 | 18 109,38
Boybean oil 60 » 40.8 35 185 818 305 387 449 045 7130 oje 184.1
Table 23. The Effect of the Molecular Distillate of the Glyceryl Esters of
Distilled Tall Oil Fetty Acids on Weight Gain of Young Rats Qaz}
’ R i ‘. B g R e N e - =
Moean Average ocumulative weight gain, g AMW‘
Type and amount of fat in the diot wxol?:t};nl ‘ Day of experiment Doaths COBTID.
ght, g mE
2, 4, 7. 10. 12, 14, 18, 21 tion, g
Molecular distillate of
glycoryl esters of tall i
oil fatty acids 080 cal 9 61.0 —-34 50 —49p ~190 —28 ~1.4 1.7 2.3 1/10 80.6
Soybean oil 60 » 81.5 3.2 60 135 240 283 372 483 63.1 0/10 166.1

Table 2k. The Effect of Ethyl Esters of Fractions of Tall Oil Fatty Acid
Distillate Separated with Uree on Weight Gain of Young Rats (x32)

: Mean Average cumulative weight gain, g l 3

Type and amount of fat in the diet initial Day of experiment ‘Deathn:

weight, g i

2. 4 8. 8. 10 i

s i

Ethy! osters of tall oil fatty acids 80cal %/ 488 | —41 —03 --38 —43 -58 | 68

Eaterified tall oil fatty acid fraction 1 60 » 48.8 0.1 3.8 71119 175 | 18 |

Baterified tall oil fatty acid fraction 2 60 » 48.8 ~52 -32 -35 -38 50| 48 '

Ensterified tall oil fatty acid fraction 3 60 » 48.8 ~05 -53 -43 48 73| 6/8 °

Esterified tall oil fatty acid fraction 4 60 » 486 |—102 - - — | 88
Ethyl esters of soybean oil + » 60 » 48.6 83 118 177 257 854 | 08

1 All animals died within 3 daya.
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8. A fraction of tell oil fatty acids distillate, freed from most of
the unssponifiable matter by molecular distillation, was fed by Seppanen (132}
to & group of ten young rats (61.5 g ), at & level of 34.8% in diet type 2*
for a period of 21 days. The comtrol group received soybean oil. Food consump-
tion, cwmulative weight gain, and toxic effects were determined in the usual
manner. The results are given in Table 23.

Of the ten animals in the test group, only one died during this experiment
compared with fatality rates of 50% end 60% in an earlier experiment of this
series vhen updistilled esters (molecular mtd.) vere fed at the same level. In
spite of the lov death rate, however, the test group animals lost weight frem
the beginning until near the end of the experiment when there was a slight gain
but not emough to reach the original level. The difference between weight gain
of the control and test groups was highly significent statistically (P <0.001). .
The average food consumption of the test group was considersbly lower also than
that of the control group.

9. Seppanen (132) studied the effect of four fractioms of tall oil fatty
acids on the growth of rets. The products were prepared by a ures fractionationm
procedure and then esterified (ethyl esters) before incorporation in the basal
diet. The control preparations were ethyl esters of unfractionated tall oil
fatty acids and ethyl esters of soybean oil.

Young rats (k0-50 g), eight per group, vere fed the various preparations
at & level of 3k.8% in diet type E for a period of ten days. Toxic effects

.end influence on growth are presented in Table 2.

The major discovery in this short experiment was the exceptionally high
toxicity of Fraction 4 which contained most of the gis-5,9,12-octadecatriencie
acid; all snimals in this group died within three days. PFractions 2 snd 3 were
very toxic also at the high level used, with fatality rates of 50% and 75%,
respectively. Fraction 1, on the other hadd, was considerably less toxic with
only one of eight animals Adying. The feeding period lasted only ten days, however,
and even during this short time the cumulative weight gain was just about half
that of the soybean oil control group (P < 0.01).

¢ Five percent of the total fat in this particular diet consisted of soybean
0il to assure an adequate amount of essential fatty acids.
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10. 8Since the location of the double bonds in ¢is-5,9 l2-octadecatrienoic
acid are uncomson in matursl lipids, it appeared that this unwsual acid might
be responsible, in part at least, for the growth-retarding asd toxic effects
of tall oil fatty scid distillate. Seppsnen (132) therefore fed a group of
ten young rats (81-84 g ) the ethyl esters of 80% concentrate of cis-5,9,12-
octadecatrienoic acid at a level of 13.2% in diet type D for a period of 25 dasys.
Comtrol groups of the same number and specifications were fed the ethyl esters
of tall oil fatty acids or ethyl esters of linseed oil fatty acids. Average
food consumption, growth rates, and toxic effects vere determined in the usual
manner. The results are given in Table 25.

Although no desaths occurred, food consumption and the growth rate were
strongly depressed in the cis-5,9,12-octadecatrienoic acid group. Differences

_ in veight gains between this group and the controls was highly significant

statistically (P< 0.001).

1l. In another experiment on the effect of g¢is-5,9,12-octadecatriemoic
acid on the growth of rats, Seppanen (132) used pine seed oil as the fat
ingredieat in the diet. Pine seed 0il contains twice as much of this unusual
acid as is in the tall oil fatty acid distillate. Soybean oil extract, obtainmed
in the same way as the pine seed o0il, was used as one control fat; ordinary
soybean 0il was used as the other.

In this experiment, groups of ten young rats (46-iT g.) were fed the
products at a level of 13.2% in the diet type D for a period of 16 days. Food
consumption, growth rates, and toxic effects were determined as before. The
results are presented in Table 26 and Figure 9.

No deaths occurred in the pine seed oil group. Moreover, the growth
rate almost equaled that of the soybean controls (the differemces were not -
significant statistically). Seppanen concluded on the basis of these results
that ¢is-5,9 12-octadecatrienoic acid was not the growth-retarding prineiple
in tall oil fetty acids distillate. He speculated that the toxic substance
was more likely produced during distillation.

12. A preparation of hydrogenated glyceryl esters of tall oil fatty
acids vas used in this experiment. After refining and bleaching,this product
closely resembles food fats in many respects including chemical and physical
constants. Groups of ten young rats (62-63 g ) were fed the hydrogenated
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The Effect of Ethyl Esters c:l.a-5 9,12~-octadecatrienoic Acid on Wa:ldxt
= Gain of 'tmmg Rats. (133) Ly
P — W '
- Moan Avorago cumulativo woight gain, g A\'}‘l‘«"ﬁ"
.. fog i ; initi - - _ ' 00
Typo and amount of fat in tho diet w:?gl;:,lg Day of oxporiraent Deaths| o v P
' 2 4. 7. 10. 15, 19, 23 26 tion, g
Ethyl osters of tall oil
fatity acide 30 eal 9, 83.8 1.1 7.7 19.7 332 4056 G603 73.0 80.0 | Ofl0 210.4
Lthyl ostems of 8,9,12. _ : . '
ortadocatrionoic acitl 30 81.8 -63 ~43 0 2.8 - 6D 10.6 10.4 19.3 | 0/10 157.5
i Ethyl osters of linwoed oil -
t fatty uneids 30 84.4 5.4 158 302 43.9 66,9 1712 006.6 108.4 | 0/10 261.7

TR

o b bl

Bffect of Pine Seed Oil oa Weight Oain of Young Rets (132) .

Average
| Mean
Tm;‘:t.;:xdt:;?(:lﬁ of initial Average cumulative weight gain, g Deaths omp .
weight, g . tion, g
Day of experiment

Ezxperiment I 2. 5 7. 100 13 14 16

Pine seed oil 80 cal % 41.0 79 21.2 293 441 547 637 731 0/10 107.2
_ Boybean

. extract 30 o 468 | p3 258 36.4 525 63.7 734 828 | 0/10 | 1819
N -Soybean oil 30 » 47.2 84 23] 83.0 4900 008 71.7 822 0/10 181.1

Figure 9.

X X ——X— 30 cal % pino seed oil ,

A p=L— 30

—— e — 30

13.2% by weight
Foybeun ot " 13,85 by welet
soybean oxtract , 13.2’ by weight

Cumulative Growth Curves for Rats Fed Pine Seed 011, Soybean 01l
and Soybean Extrect. (13})
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Figure 11. Cumulative Growth Curves for Male Rats Ped Tall Oil Fatty Acid
‘ Glyceride Margarine, Butter and Margarine. II Generwtion (132)
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Table 30. The Effect of Tall Oil Fatty Acid Glyceride Margarine on Weight G

» ]

30 cal % tall oil fatty acid glyceride man

yarine
»

13.2% by
» 34.8% vy
» 13.2% vy
» 34.8% vy
» 13.2% by
» 34.8% by

wvelight
weight
veight
weight
weight
weight

i i in A!‘ood }
Type and amount of fat in Mem Average cumulative woight gain, g consurp- |
the diet initial Deaths |*" o |
weight, g Week of experiment (7 days), |
1. 2. 3. 4. 8. 8
Males l
"Tall oil fatly acid |
glyveride margarine 30 cal 9| 380 104 20.3 523 79.2 1039 | 0/10 60.7
Tall oil fatty acid i
| glyeeride margarine 60 » 3.5 1.1 11.0 154 242 3358 | 0/10 35.0
Baiter 30 » 44.1 204 70.2 1049 1466 176.5 | 0/] 0 109.2
Butter 40 » 4.0 23.0 658 82.8 121.5 1629 | 0/10 81.6
Margurine 30 » 414 204 729 1052 140.2 1718 | 0/10 107.3
Margarine 60 » 49.5 18.4 51.2 75.9 100.4 144.2 | 0/10 88.8
Tall oil fatty acid glyceride
margurine 4 vit. B 60 38.2 6.0 18.0 3.2 548 644 ) 0/5 40.5
Refined tall oil fatty acid
3 glycoride margarino 60 & 39.4 16.2 26.8 41.8 55.8 64.0 | 0/8 893
Refined tall oil fatty acid
i glyceride marg. - vit. B60 » 30.8 19.0 308 52.8 722 824 | 0/8 46.3
Females
‘Iall oil futty acid l
I glyeeride margarine 30 cal %! 30.5 127  38.2 51.0 083 79.4 | 0/10 62.0
“Tall oil fatty acid
glycevide imargarine 60 31.5 3.8 11.0 146 21.2 28.0 | 0/10 28.0
lB‘\llk',r 30 » 36.5 25.8 53.9 74.0 86.9 108.6 | 0/10 87.6
iHmtcr 60 » 45.6 19.0  46.4 62.2 882 108.2 | 0/10 71.3
(Margarine 30 » 3u.5 225 501 734 946 104.7 | 0/10 3.0
{Mavgarine GO » 46.5 18.3 40.2 64.1 85.7 104.6 0/10 82.3
Tall il fatty acid gy cerido
o manmavine bovit, B GO » 34.0 7.4 17.0 364 844 G40 | Of3 36.0
;l(uﬁnml talt wil -ty acid
; ghyecride mmargarine G0 » 35.8 1.2 23.2 o o622 094 | O/ - 41.8
Rafined toll vil Tatty acid
glyceride narg, |- vit. 1360 » 34.0 164 282 432 o6l 708 | 0/G 44.9

ain (132)
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Pigure 12, Cumulative Growth Curves for Male Rats Fed Tall 01l Fatty Acid
v Glyceride Margarine, Butter and Margarine. III Generation(132)
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Figure 13. Cumulative Growth Curves for Male Rats Fed Refined Tall 0il Fatty
Acid Glyceride Margarine with or without Vitemin B Supplements.
III. Gegeration. (132)
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———— e i) »n " » » . N » . ’ b{ t

»
—~0——0—m—0— 0  » Py » » » - B vitumins , 3k.8% by weight
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In this experiment, the weight gains of all groups, both sexes, on the
tall oil margarine were less than those of the contrdls. Food consumption was
recorded for one week only but it seemed to correspond well with growth rates
of the various groups. The data obtained indicated that refining the tall oil
mergarine, coupled with the use of B vitamin supplement, improved the growth-
promoting properties.

The main differences, statistically, we;e as follows:

a. Tall oil margarine compared with butter at lower fat level (males)
and butter at higher fat level males & females) vas (P<0.001).

b. Tall oil margarine compared with refined tall oil margarine and tall
oil margarine + B vitamin supplement was (P< 0.001).

E. Rabbits ‘

Weil et al. (158) applied several epoxidized tall oil preparatioms to the
skin of albino rabbits (strain, sex, age, and weight not specified) in graded
smounts (undiluted or solutions in water, propylene glycol or acetone). In a
10-grade ordinal series based on the severest reaction that develops from 0.01 ml
of the undiluted sample, they then estimated the degree of skin irritation that
developed within 2k hours. The results, presented in Table 31, indicate that the
tall oil preparations were only slightly irritating to the skin, although the
precise effect on one (grade 3) was not completely defined,

Table 31. Effect of Some Epoxidized Tall 0il Preparations on the S8kin (158)

‘  Degree of primary®
Substance Anipals Sex & No. Rowte kin irritetion

Epoxidised 2-ethylhexyl ester of tall Albino 5 - skin
oil fatty acids Rabbits
Alkyl epoxytallate Albino 5 skin 2
Rabbits .
- Epoxidized Carbowax 200 ester Albine 5 skin 2
of tall oil fetty acids : Rabbits

. Degree of primary skin irritation in a 10-grade ordinal series

Grade 1 - No irritation
Grade 2 - "least possible capillary injection from undiluted chemical

Grade 3 - Not defined completely
Grade 6 - Necrosis from undiluted nubstance
Grade 10 - Necrosis from 0.01% solution

43



‘Weil ot al. (158) also instilled graded doses of these epoxidised tall oil
products in the eyes of rabbits (strain, numbers, sex, etc. not given) and recorded
the degree of corneal injury. In each case the degree of corneal necrosis wvas at
most a very small area of necrosis resulting from 0.5 ml of undiluted chemical
~ in the‘eye.

F. Dogs
- Young beagle dogs (number, sex, weight not given) vere fed pale tall oil, gua,.
nd wood rosin in the diet at levels of 1.0% and 0.05% for a period of two years
(177). Observations during the period included food intake, body weight, gross
symptoms, mortality, hematology, urinalysis, 1liver and kidney functiom tests,
and tumor incidence. At the conclusion of the experiment, all animals were sutopsied
and examined for gross effects and histopathologic lesions.

At the 1% dietary level, liver enlargement was detected at autopsy in animals

i on all three rosin products. Microscopic examinations, however, failed to reveal
any histologic abnormalities in the liver or other organs attributable to in-
- gestion of the rosins. The weight of all other organs were comparable to those

of the comtrols (kidneys, spleen, heart, brain, gonads, adrenals, and thyroid).
No significant differences were noted in food inteke and growth rates between
test and control animals. Hematology, urinalysis, and liver and kidney function
test values were within normal limits throughout the study.
At the 0.05% level, no significant differences vere detected detween animals
on the rosin diets and the controls.
e G. Cattle
Antila et 81.(015) investigeted the effect of including tall oil fatty scid
- ethyl esters in the diet on milk fat composition. This work was carried out
in connection with the general problem of the inconsistency of Finnish butter at
certain times of the year. |
1. In the first experiment, four cows (strain, age, etc. not given) were
fed tall oil fatty acid ethyl esters at a level of L% in the diet over a period
of 40 to 45 days®. A control group of the same size received the basal diet
alone. The yield of milk, milk fat, and protein, as well as various bropertie'
P of the milk fat, were determined. The results are presented in Figures 1L4-17
and Tables 32 and 33.

- & The experiment extended over a preliminary period of 20-25 days, s transition
period of five days, an experimental period of 25-30 days, a transiticm period
of five days, and a final period of five deys.
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Table 32.

Variation in Protein Content of uiik During the E:pofintnt-. l=Transiti
period, 2-Test period. 3I=fransition period. o

(0a5)

Changes in the Iodine Value of Milk Fat Produced b{ Feeding
15)

Ethyl Esters of Tall 0il Fatty Acids to Cows. (0

Veeding experiment I

Feeding experiment 11

Test Control Test Cantrol

group group Rroup ~runp
I'reliminary period 319 30.( 30,2 )
Test period 8.1 311 i HL8
Follow-up period 33.5 3.3 CdLs A48

Teble 33. The Effect of Ethyl Esters

the Content of Diethenoids

of Tall Oil Fatty Acids in Fodder on
in Milk Fat. (015)

Feeding experiment 1

Feeding experiment 31

‘Test group

Control group

Test group Controt group

- -

% non-cone % con- Y non-con-  fh cone T, non coits %, conte N non-can-

e G
j\/u',nu:_d Jugnted  jugated  jugaled  jugnted  Jogated  jogated  Jngated
Prefiminary
period 063 1.03 0.57 .04 0.57 1,43 008 §.1
Test period 1,02 0.48 0.59 0.98 0.G2 1.047 0.00 1,18
TFollgw-up ‘
period 0.65 0.99 0.58 j'0.88‘ " 0.58° 14 0.6 1.01
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S~ Although the milk yield and protein content were not affected signific-
- antly (see Figs. 14 and 17), the amount of milk fat was considerably lower in the
| tést«thqn in the control group (P« 0.0l1), as indicated in Figure 15. The
investigators called attention, however, to the large daily variation in fat

contant‘(see Fog. 16) which may have obscured changes in milk fat production
during the experiments.
- The iodine value of the milk fat increased significantly (P & 0.01) as a
result of the tall oil dietary supplement (see Table 32). The investigators
o point out that this increase not only is statistically significant, but also
is of great practical importance since a difference of 1.6 iodine value units
is very definitely manifested in the cutting consistency of Finnish but;er.
In another experiment, Antila discovered that feeding tall oll fatty acid ethyl
esters leads to an increase in the oleic acid content and a decrease in palmitic
acid content of the fat. He concluded that this effect is responsible for the
increased iodine value in the present experiment.
it The proportion of conjugated diethenolds of the butter fat also increased
significantly (P € 0.01) as a result of feeding the tall oil esters (see Table 33.)
- 2. In the second experiment performed by Antila et al. (015), four cows
| were fed tall oil fatty acid ethyl esters at a level of 3% in the diet for a
period of 30-35 days (first transition period and experimental period). A
control group of equal number received the basic diet only. Milk production,
fat and protein content, and various properties of the milk fat were determined
as before. The results obtained are presented in Figures 14 and 17 and Tables 32
and 33, in comparison with results of the first experiment. »
- As in the first experiment, milk production and the protein contént were
not affected (see Figs. 14 and 17). The yield of milk fat was not affected in the
prom second experiment but, as before, its iodine number increased significantly
in the group fed the tall oil esters (P< 0.01). The proportion of conjugated
diethenoids did not increase significantly in the second experiment in contrast
to the results of the previous test.
H. Humans _
According to the Merck Index, tall oil is a mild local irritant and sens-
itizer. (139). Systemic toxicity has not been determined (126, 139).
" Abiletic acid is slightly to moderately toxic and irritating to the skin
-—~. and:iucoua membranes (061, 139). It is moderately toxic by 1naesfion. In mice
- | toxicity by the intravenous route is low but it causes paralysis in frogs (126).

Fa ]
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Linoleic acid administered locally can cause mild irritation. Large
doses taken orally cause nsusea and vomiting (139). In rats, large doses
cause weight loss, progressive anemia, leucopenia, and pediculosis (126).

Oleic acid has low oral toxicity but is mildly irritating to the skin
and mucous membranes. (126,139).

Rosins (resin acids) have a slight local toxic effect (126). Systemic
toxic effects are estimated to be slight (139).

ﬁ—sitosteml from tall oil is used as an anti-cholesterolemic agent in
human medicine. Divided doses totaling as much as 30 greams a day are prescribed.
Unt.cnlrd effects apparently vary with the patient. Anorexia, gastrointestinal
cremps, and diarrhea have been observed in some patients receiving very large
doses, whereas others on the medication for as long as 18 months have experienced
no serious side effects (112,125,140).

III. Leng-term Studies
A. Mice

Weil et al. (158) recorded mortality st various intervals during the
carcinogenicity study reported later in this section (see Biologicel Deta IV, A, 1).
The results obtained are summarized in Table 3L.

Table 34. Long-term Effect of Some Epoxidized Tall 0il Products on Mice (158)

Sex & Number of mice alive at month
Substance Animals No, Route Dosage 2 17 2k
Epoxidized 2- C3H 30-L0 Skin Undil., 30 23 6
ethylhexyl ester Mice one brush-
of tall ofl ful, 3/wk
fatty acids for life
3, k~epoxy-6- C3H 30-40  Skin Undil., 36 30 3
methyl cyclo- Mice one brush-
hexylmethyl ful 3/wk
ester of tall ‘ for life
oil fatty
acids
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B. Rats

1, BSeppanen (132) studied the effect of tall oil fatty acid glyceride
margarine on longevity with rats left over from the repooduction experiment
(see Biologicst Dats, II,D, 12 and IV, B,l).

Male tnd Temale rats, seven to nine animals of the same sex per group
vere fed tall oil fatty acid margarine at a level of 13.2% in diet type D
for the remainder of their life span. Control groups of the same number and
sex received either butter or regular margarine. The animals vere weighed
onee a month and fatalities were recorded; survival and growth curves were
plotted from these data. The results are presented in Figures 18-20.

Female rats fed tell oil fatty acid glyceride margarine had much longer
life spans than those of the butter or commercial margarine control animals.
Male rats on the tall oil product had life spans almost as long as those on
commercial margarine and considerably longer than those on butter,

2. In a long-term study at Hercules (177), young albino rats (strain,
sex, wveight, and numbers not specified) were fed pale tall oil, gum, and wood
rosin at levels of 1, 0.2, and 0.05% in the diet for a period of two years.
The animals vere observed throughout for toxic symptoms, mortality, food con-
sumption, and growth rate. In addition, urine and hematologic anajyses, and
liver and kidney function tests were performed. All animals were autopsied at
the end of the feeding period and examined for gross and microscopic abnormal-
1tiél, including tumor incidence.

At the 1% dietary level, enlarged livers were noted in the animals on all
three rosin diets. KNo histopathologic abnormalities were detected, however,
oithlr in the enlarged livers or in any other of the organs studied (heart,
breain, kidneys, spleen, stomach, small intestine, colon, bladder, pancreas,
lungs, muscle, prostate, uterus, gonads, adrenals, lymph nodes, thyroid, and
parathyroid glands). All other organ weights of test animals were approximately

the same as the controls. Hematology, urinalysis, and liver and kidney function

test values were within normal limits throughout the study. However, with all
three rosin products, food consumption was approximately 10% less than that of
the controls, resulting in a slight depression of the growth rate. _

At the 0.2% and 0.05% levels, no significant differences were detected.
between test and control animals.
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Figure 19. Survival Curves of Female Rats Fed Tall 0il Fatty Acid Glyceride
Margerine. Butter and Marzerine (132)
— X X ——X— 30 cal 9 tall oil futty acid glyesride margarins
—0——0——0- 30 »  Dbutter
~{3—{J—{l= 30 » margarine

(9}
Q
(o]

BUTTER &'

Weight, g

Age, months .

Figure 20. Growth of Rats Fed Tall 01l Fatty Acid Glyceride Margarine, Butter
and Margarine at & level of 30% of Dietary Calories in Longevity
Experiment. (]132)
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IV. Specisl Studies
A. Mice

1. Weil et al. (158) assayed two epoxidised tall oil preperations
(epoxidized 2-ethylhexyl ester and 3,k-epoxy-6-methylcyclohexylmethyl ester,
of tall oil fatty ascids) for carcinogenicity potential. This was part of an
investigation involving a large number of representative epoxides which were
being studied for commercial utility.

C3H mice, 90 days of age, (sex and weight not given), in groups of 30 to
k0, were painted with the compounds (undiluted) on the clipped skin of the back
(midline area®). One brushful was applied three times each week (M,W,F) for
27 to 28 months; the animals were observed for papillomas and carcinomas at
each psinting period.

Neither of the compounds gave any evidence of igenicity under the
conditions of the study.

2. Albino mice (age, sex, number not given) injected intraperitoneally
with 0.02 ml of oxidized oleic acid manifested chromosame sberrations in bone
marrov cells (111).

B. Rats

Seppanen (132) studied the influence of tall oil fatty acid glyceride
margarine on reproduction in the rat in a series of three experiments with
snimals remaining from one of the short-term growth experiments (see Section II,
D, 12).

1. In the first reproduction experiment, ten female rats and five males
from each group of the above-mentioned experiment were fed tall oil fatty
acid glyceride margarine at levels of 13.2% and 34.8%. Control groups of the
same number were placed on butter or commercial margarine. The rats were
100-200 dsys old.

All males vere transferred to the next cage of the same experimental group
after one week of breeding. After 14-16 days, the males were removed permanently.
The females were placed in separate cages before the 21st day after the original
mating. The offspring were weaned 21 to 28 days efter birth depending on the
veight attained. The number of litters, offspring, fatalities, and victims of
cannibalism were recorded. Results are given in Table 35.

® Hair was removed with electric clippers
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Table 37. Reproduction Experiment III. Number of Litters and Young in
Different Groups and Mortality Percentages (132)
_ — it ' 8N’ &

Type and amount of fub in the hui;lt‘ber Litters l\'l-l\?[:{:;l‘ Mean ‘ Range I;fmcxl:f(; !)[urgnlity Eaten
diet feruales of young young %o
Tall oil futty acid
dyceride margar. 30 cal %, 5 5 50 100 ; 8-12 10 20.0 6
oo » 30 » BY & 5 64 128 | 9-16 40 62.5 23
. » 30 s }EX B 5 47 0.4 | 3-13 25 53.1 o1
s e » 60 » 5 4 33 83| 6-14 33 100 11
! 5 » €0 s B g 5 30 78 1 7~ 9 11 28,2 a
i LI » 60 » }E 5 0 - -- - - - -
i Hutter 0 » 5 4 36 90| 3-14 |. 8 22.2 7
: 0 » +B| 5 5 62 124 | 9-14 20 32.3 10
» 30 » +E| & 4 45 11.3 | &—-12 10 2.2 4
‘ » 60 » 5 3 21 701 2-10 8 38.1 7
' » 60 » 4B & 5 62 124 | 0-17 10 16.1 4
” , 60 » +E| & 3 21 7.0 | 2-12 11 52.4 3
‘ Vinvgarine 30 » 5 4 35 0.5 7--12 4 10.5 3
: » 30 » +B| & 5 50 100 | 5-—-12 |* 25 50.0 17
» 30 » +E 5t 5 2 64| 3-12 10 31.2 4
» 6 » B 5 5 41 8.2 1 4-11 4 9.7 3
» 60 » +1| 5 5 47 94 | 3-12 24 51.1 16

B vitumin B.supplement.
- Bw: vitamin 13-supplement.
Onie femals died.
- Two fermnles died.

C. Rabbits

1. Several workers have produced tumors in rabbits within L-12 weeks by
injecting oleic acid subcutaneously (150), ‘

2. Altschul (003) fed rabbits (age, sex, numbers not given) stigmasterol
as a level of 0.3 grams daily for 73-116 days in a carcinogenicity study. No
tumors developed (003).

D. Barley

‘Bhatnagar et al. (021) treated huskless barley seeds with oleic acid for
4-12 hours and noted that there was a reduction in pollen fertillity of the MZ
plants, a marked increase in frequencies of chromosome bridges and fragments,
and a low frequency of chlorophyll mutations.
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BIOCHEMICAL ASPECTS

I. Breskdown

" During storage of wood for pulping, the fat and resin constitutents
undergo oxidation or other modifications resulting in a decreased yield of.
tall oil. In one utudy, during t‘twelve—week period, the loss amounted to
11% in the case of pine roundwood and 64% for wood chips. The decreased yield
from roundwood was entirely from a loss of fatty acids. Fatty acid loass
accounted for most of the decreased yield from chips also, but in addition,
there vas a small loss in resin acids and a very small loss of unsaponifiable
matter. The quality of tall oil also suffered from changes during the storage

period as the acid number dropped below the minimum specification of 160 (034,132).

According to Seppanen (132), the elevated temperatures of the sulfate
pulping process may bring sbout changes in the highly unsaturated fatty acids
of tnll ¢il and result in the formation of toxic polymers and cyclic monomers.

Abietic acid, the main resin acid in tall oil, is unstable (at least under
certain circumstances) apparently due to its double bond structure. Dispro-
portionation, or decreasing the number of double bonds, is done commercially
and makes for a more stable product. Disproportionated rosin soaps are used,
for example, as emulsifiers in the manufacture of styrenebutadiene synthetic
rubber (007).

Tall oil and its products darken on standing and should be stored in
containers of aluminum or 18-8 stainless steel. Tank cars and drums should be
lined with one or the other of these substances. A blanket of inert gas should
be layered over the product to reduce the oxidative changes.

Antila et al. (015) investigated the stability of tall oil fatty acid
ethyl esters as supplements in cattle feed held in the dark at room temperature
over a period of eight weeks., Measurement of oxidative changes in the eater
product and in mixtures with various feed components were followed by determina~-
tion of peroxide values., The results indicate thet the ester product was ox-
idiged quite rapidly when mixed with feed, probably a result of the greater
exposures to air as compared with the unmixed control. Addition of grass meal,
which contains anti-oxidants, stabilized the preparation quite well.

Seppanen (132 ) conéluded that the tall oil fatty acid glyceride margarine
used in his study became oxidized to a certain extent and that oxidation products

. caused partial decomposition of certain B vitamins in the experimental diets.
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Since the subject of this monograph is tall oil, and since fats and
their components have been covered in at least one other monograph, no
attempt is made here to summarize the voluminous literature on that subject.

II. Absorption-Distribution

Seppanen (132) investigated the absorbability in rats of tall oil fatty
acid distillate (I), ethyl esters of distilled tall oil fatty acids (II), and
tall oil fatty acid glyceride margarine (III).

Sprague-Davliey animals were used throughout (age, sex, weight, etc. are
given in Tables 38 and 39). I and II were fed at a level of 13.1% in diet
type B. III vas fed at levels of 13.1% and 3L4.6% in diet types B and C,
respectively. Soybean oil fatty acids, soybean 0il and butter were employed
as control fats. The experimental period varied from five to 20 days. Other
details of the experiment and results obtained are presented in Tables 38 and 39.

As indicated in these tables, the absorbabilities of tall oil fatty acids
(96-97%) and tall oil fatty acid glyceride margarine (95-96§) vere relatively
high. The ethyl esters of distilled tall oil fatty acids had the lowest
absorption percentage (93%), wvhich was 5% less than that of the correspond-
ing soybean o0il controls. The tall oll fatty acids distillate was absorbed
almost as well as the soybean oil preparation (1-2% less). The tall oil fatty
acid glyceride margarine was absorbed better than butter in most tests, the
variation being from 2% to 8%.

III. Metabolism and Excretion
" No direct information was found in the literature on the metabolism and

excretion of tall oil or its fatty acid components. Apparently the unsaturated
fatty acids are metabolized by the same route as those from other vegetable oils.

IV. Effects on Enzymes and Other Biochemical Parameters

Seppanen (132) determined the effect feeding tall oil fatty acids at a
level of 13% had on the lipid composition of various tissues in the rat. Animals
from the absorption experiment were used (see this section, II).

The animals were usually fasted overnight before aneasthetization (ether ad.
narcosin) and removal of tissues to be analyzed. Blood plasmes was stored in
the refrigerator until analyzed a few days later. The liver was blotted dry,
woighed, cooled immediately and stored in an air-tight glass jar at dry ice
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o Table 38. Absorbability of Fat in Young R&ts Given Tall 011 Fatty Acid
Glyanrido Nhrgarine and Buttor (132)
eSS
o Type and amount of fat in the diet Sex of ratP Methor:l of deter- .\urot}ber nb,s;:-[;:gility
rination
' samples pireentage
o I Tall oil fatty acid glyceride
k margarine . 30 cal 9 male chromium oxide© 10 ‘.):'5.')‘&['.82’d
. Tall oil futty acid glycerido
) margaring 30 » fernale » » 10 3.9 = 0.67
i, © Toll oil futty aecid glycerids
margatine 60 male » » 10 05.2.-0.75
Tull vil fatty acid glycecitls ’
:  margarine 60 » fernale » » 10 06.4-0.31
™ i Butter 30 » male ' » 10 04.3-0.82
' I 30 femala » s 10 93.520.32
e 6 » male » » 10 92.01.13
. o 60 » frrnale ’ e 10 §8.0-1.60

a Uncorrected for endogenous fat excretion
b Standard error of mean.
¢
d

e Chromium determined by colorimetry
Each group consisted of ten animals weighing 4l-klig (initial weight)
Wlm b
- Table 39. Absorbability of Fat in Msle Rets @iven Tall 0il Fatty Aedd Distillate,
‘ Ethyl Esters of Distilled Tell 011 Fatty Acids, Soybean 0il and
Soybean Fatty Acids.® (132)
. i . Number Meun
" Typs and amount of fut in the diet Ago of rats 3tethod of doter- of uhsorhability
mination )
wamples parcentago
1
- Tall oif futty acid distillate 30 eal %, yuunge chrmnium,oxiduc 5 096.7 = i).!l‘.i‘b
» » » » 30 » full-grown » » 5 96.9 3. (0.38
» » » » » 30 » ful!-gmwnf food cousumption 25 6H6G.4.2-0.38
o [ ) » * » 30 » youngg chromiun oxided 59 95.7290.03
Ethyl esters of distilled !
tall oil fatty acids 30 » )ounge chromiuin oxide© 5 03.1.20.08 |
Soybean oil fatty acids 30 » full-grown T chromium oxids© 5 '97.4:-.0.08
o » » » W 30 » full-grown ] foud consumption 25 97.6::0.49
» ) ) » 30 » yvoung & chromium oxide GO I u6.a 005
i Suyhean il 300 \uunge chromium oxides€ 5 ! 631 0,32
e
s Uncorrected for endogenous fat excretion
b Standard error of mean
- ¢ Chromium determined by colorimetry
' d Chromium determined by atomic sbsorption spectrophotometry
~~ ‘e Five 40g rats (initial wt))
f f Five 250 g rats (initial wt,)
- g Ten 95.8 rats (intital wt,)
P
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_‘ Table 41. Fatty Acid Compositions of Adipose Tissue Triglyceride Fractions From
' Rats Fed Tall 0il Fatty Acids and Soybean Oil Fatiy Acids at a Level
of 30% of Dietary Calories (13.2% by weight) (132)
. M \ . | ! Othoer
<Cun Cy Cy Ci Ciea Cyy Cig Cen f Coaz | CraB | Oy Cyg Cage b neids !
BN T
Tall oil fatty acids(6®  1:1 1.4 0.3 18.9 21 | 03 2.4 474 | 207 1.0 0.0 1.6 0.0 [ 2.9
i S.B.€ 201 400 1005 | £ 1.6 | £0.6 [L0.07 (402 | k20 [ £43 403 | 1008 |05 |+0.02 | -£0.05
Soybean oil fatty ' : i
acids (4)° 1.9 1.5 0.6 231 | 1.1 | 0.1 5.2 4.6 6.8 - 1.3 20 | 04 25
- 805 4:03 |:£0.2 |40.06 | +44 | 408 [-:0.06 £0.7 |l | 417 —- |03 |40 [403 }-'.._9.1 |
a. cis-5,9,12-Octadacatriancvic acid
il
b Number of rats
¢ Stesndard error of mean
4#"\
Table 42. Fatty Acid Compositions of Liver Lipid Fractions from Rats Fed Tall 0Oil
Fatty Acids and Soybean Oil Fatty Acids at a Level of 30§ of Dietary
- Calories (132)
b 1 ’ | . "\ f')llnvi
| <0y CM Cm C‘m Cion Ciq Ch Cw:l Ulw I cu:ul cu«:a’ Can Cauy m-s':lq
T
- |
Trighyceride fraction .
Tall oil fatt
i acidy (8)° 2.1 0.8 0.6 | 234 1.4 0.5 | 1881 103 | 274 | 21 0.3 1.0 3.8 3.5
SRS 04 | ::0.08| £01 | £0.8 [ 403 [ 4005| L1.8 | £1.6 | 203 | +£0.07] +£0.09] 401 | 407 | 0.0
Soybean oil fatty '
acids (8) 1.5 1.2 24 | 206 1.2 0.2 33 269 2998 - 0.8 1.5 0.2 1.9 |
e S0, 0 - 0.7 Bl O f;i 0.02 --0.06 4 1.0 181 -— 4+ 0.2 4:0.2 S 0400 - ').2!
Phespholipid fravtion
Tall oil falty :
- aeids () 23| 02 0.5 | 265 | 0.4 1.2 | 408 9.7 8.2 0.1 0.0 0.1 8.0 18|
SATH : A0E ] L00% ] L0.06 | UL [ 0.0k 100 | R | 66 | 08 D Leos| - {003 | g2e | jou!
- Royboan oil Tatly ) :
- ucidy (6) 29| 03 | 09 | 254 o 07 | 426 65| 1w090]| - 0.2 0.8 7.6 IO
| NI, FLO | 4004 | 04 | 17 | L0.04] 200 | 433 | £02 | 17| = [ 4200700 | 445 | o]
. ]
a cis-5,9,12-Octadecatrienoic acid
b HNumber of rats
- ¢ Standard Error of Mean
P

59



bl

-

_ b' The major fatty acids of the liver triglycerides in the soybean oil

group were palmitic, oleic, and l1inoleic acids, each amounting to more

than one~fourth of the total acids. In the tall oil groups, the fatty

acid contents were a few percent lower. However, the percentage of

- stearic acid in the soybean oil control group was only 3.3% as compared
with 13.8% in the tall oil group. The fatty acid composition of the

i liver phospholipids was very similar in both groups. Over 2% cis-5,9,12-

octadonitficnoic acid was found in the liver triglyceride fraction of

animals in the tall oil group.

Seppanen (132) fed adult male rats glyceryl esters of tall oil

fatty acids at a level of 13.1-13.2% in the diet over a period of three

weeks to determine the effect on the composition of the fecal lipids.

Diet controls were not included in this experiment. Random fecal samples

- were collected from ten rats during the feeding period and stored under

nitrogen at -20°C until analyzed. The results are given in Table 43,

-
o Table 43. Fatty Acid Composition of Fecal Lipids from Rats Fed Glyceryl
Esters of Tall 0il Fatty Acids at a Level of 30% of Dietary
Calories (132)
| <tul 6wl G| G| Cer| Co | G| Cua| Cus | Cu| Cus | Cu | Gmu | ociim
| .
. l '
- Mean porcentago 1.1 001 08 4.9 1.3 0.7 28 26,3 10.7 16.2 8.3 2.0 1.0 | 147 1
"‘LI::-.. ) 5;0.2 j:o.l ‘t ;14;0.08 -_-1;0.3 :.{;0.1 _LU! :Lo-l ;{;1.0 :_{;0.8 7!:0-5 . _j;0.3 ;1;0.4 ] '_!_0.4 :[-_U.?} :
a cis-5,9,12-Octadecatrieonic acid
b Standard error of mean
T
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The mejor discovery in this experiment was the relatively high content
of cis-5,9,12-octadecatrienocic acid (16.2%) found in the fecal lipids. This
was considerably higher than the amount found in any of the tissue lipid

‘fractions studied. The predominant fatty acids in the feces were oleic and

1inoleic acids, each being present in a concentration of 20% or more.

The effects of tall oil products on appetite and growth of rats were
given earlier in the discussions of Seppanen's experiments; the changes in
milk fat, cheese, and egg yolk resulting from feeding these substances to
chickens and cattle were presented in the summaries of Antilla's studies.

V. Drug Interaction

No information on drug interactions was found in the literature, except
for Seppanen's conjecture (132) that oxidized tall oil constituents in the
tall oil fatty acid margarine used in one of the feeding experiments with
rats destroyed some of the vitamins in the basal diet. This fact has been
demonstrated in the case of other natural fats and oils (See 1V. Special

Studies) .

'VI. Consumer Exposure Information

Whole tall oil is not a direct food additive; consequently, consumer
exposure is limited mainly to its presence in certain food packaging and
processing articles where it is used as a manufacturing additive.

Certain textiles and textile finishes used in dry food packaging are
important articles from which tall oil might possibly migrate to foode -

21 CFR 121.101 (O11). |

Tall oil may be used in concentrations up to 5% as an emulsifier in
the manufacture of certain kinds of rubber items, intended for repeated use,
that may be employed in food processing or packaging - 21 CFR 121.2520 (o11).

Finally, tall oil or tall oil precursors are apparently discharged into
patural bodies of water in certain parts of the world. The mining industry
uses large amounts of tall oil and tall oil products as flotation agents
in the separation of ore components (119). Tall oil fulfate soap in kraft
pﬁlp mill wastes has been found to be detrimental to fish and shellfish
in several areas (030,152)-
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In contrast to the situation with whole tall oil, consumer exposure
to tall oil constituents and compounds is quite wide on account of the
many commercial applications of these substances (See CHEMICAL INFORMATION,
VIi1I).

The possibility of using tall oil fatty acid glycerides as edible oils
has been under consideration for some time ~-- especially since tall oil is
the world's cheapest source of edible fatty acids (007). According to
Palonini (113), mixtures of the glycerides of these acids have actually
been sold as Grade B olive oil, and have been used to adulterate other food
oils.

 Two Canadian patents have been granted (132) for edible products pre-
pared from refined tall oil fatty acid glycerides. One of these products,
a salad oil, is sald to have a flavor and certain other characteristics
superior to products made from corn oil and soybean oil. The other products,
a shortening and a margarine, are prepared by blending or reacting hydrogen-
ited tall oil fatty acid glyceride margarine with animal fats such as tallow

‘or lard and certain vegetable oils like palm oil, soybean oil, or cottonseed

oil. The process results in products with the desired consistency, melting
range, and cold test properties.

Oleic acid derived from refined tall oil fatty acids is permitted in
foods in the United States if it is free from the chick-edema factor and is
in conformance with certain other specifications - 21 CFR 121.1237 (011).

Glyceryl-lacto esters of oleic acid derived from refined tall oil
fatty acids which meet certain specifications are permitted in other food

' grade additives - 21 CFR 121.1004, 1048 (011),

New synthetic chewing gum bases have been developed in which glyceryl
esters of refined tall oil rosin are used as plasticizers (softeners) (a09:).

Some emulsifiers used in the food industry contain lactylic esters of
oléic acid derived from refined tall oil fatty acids - 21 CFR 121.1048 (Qil).

Defoaming agents, which are non-toxic and highly effective, have been

 developed from tall oil-ethylene oxide condensation products. Some of these

are used in yeast production and in the antibiotic industry (104).
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.Binders and lubricants used in certain areas of the food industry
contain‘glycerjl—lacto esters or salts of oleic acid derived from refined
tall oil - 21 CFR 121.1004,1048 (011). |

Salts of tall oil oleic acid are employed as anti-caking agents in the
manufacture of certain foods - 21 CFR 121.1071 (011).

Glyceryl abletate is used as an emulsifier for citrus oil in still
and carbonated alcoholic beverages and fruit drinks in concentrations up
to 0.006% (102).

 Abietic acid is utilized as a carrier in enriched rice; concentrations
up to 0.0026% are permitted (049).

Surface coatings for fresh fruits (up to 0.02%) are prepared from
pimaric and abietic acid copolymers (049).

‘Tall oil rosin, refined to certain specifications, is permitted for
use'as s8lzing for paper as well as other articles or components of articles
used in producing, manufacturing, packing, processing, preparing, treating,
packaging, transporting, or holding food - 21 CFR 121.2592 (911).

Abietic, oleic, linoleic acids may be employed in defoamers for beet
sugar products in concentrations up to 0.0001% (049).

Coatings of various types in contact with foods may contain tall oil
rosin and demerized fatty acids derived from tall oil which meets certain
specifications - 21 CFR 121.2557, 2592 (011).

Tall oil fatty acids and their N-butyl and isooctyl esters are utilized
as activators in the manufacture of rubber which may be employed in food
processing 21 CFR 121.2562 (01l).

A wide variety of tall oil products - rosin, rosin salts, pitch, abietic
acid, fatty acids and their methyl, polyoxyethylene, polyethylene glycol (600)
esters - are used in adhesives for paper and paperboard food containers -
21 CFR 121.2520 (011).

~ Tall oil fatty acids and triglycerides, as well as alcohols and dimers
derived from tall oil, are used in defoaming agents employed in the man-
ufacture of paper and paperboard containers that find applications in pack-
aging, transporting or holding food - 21 CFR 121.2519 (011).
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Tall oil mixed soap (Ca, K, Na), and the glyceryl esters of maleilc
anhydridemodified tall oil rosin and disproportionated tall oil rosin, are
employed also in the manufacture of articles or components of articles that
may be used in food processing, packaging, or holding - 21 CFR 121.2562 ( ).

~ Tall oil fatty acids are being employed in increasing amounts in soap
manufacture in place of the more expensive linseed and soybean olls and
animal fats (172).

Patents have been granted for the use of methyl esters of tall oil fatty
acids, (up to 0.5Z) with urea and other substances, in animal feeds,

Tall oil sterols are used in seVeral areas of human medicine. ﬁ!-aitosterol
from tall oil is employed as an anti-cholesterolemic agent. (112,125,140).

Tall oil sterols are used in Sweden also for the manufacture of sex
hormones and other steroid products (006).

No information was found in the literature on the average daily intake
of tall oll or any of its constituents excepting ﬁ-—sitosterol. According to
Salen (121), the average American dietary intake of this plant sterol yields a
plasma concentration of 0.30 to 1.02 mg/100 ml. Absorption is 5% or less of
the daily intake as compared to 45-547 for cholesterol. About 20%Z of the absorbed

~sitosterol is converted to cholic acid and chenodeoxycholic acid; the remain-
der is excreted in the bile as the free sterol. It is excreted more rapidly
than cholesterol. There is no endogenous synthesis of ﬁ;-sitosterol.

| The world production of crude tall oil is estimated to be about 1500
million pounds per year of which the United States alone produces approximately
1000 million pounds (132). 1In 1972, $34,025 worth of tall oil wae imported
from Canada, and $1,176 worth from France (149).

The price of tall oil in tank car lots is 3.8¢ per pound for the crude
grade and 8.5¢ for the refined oil. This low price accounts to a large
meagure for the increasing Industrial use of tall oil and its products (148).

64



ARk dasl 4

APPENDIX A
I. HNomenclature |
The name tall oil is the American equivalent of the sound of the German
Talloel which in turn comes from the sound of the original Swedish mame Talloljla

(Tell - pine; olja - oil)

"The following synonyms for tall oil should be considered obsolete but some
are still used: Finn oiil, liquid resin, liquid rosin, resin oil, sulfate pitch,
sulfate resin, sulfate rosin, Swedish pine oil, Swedish rosin, Swedish rosin oil,
Sylvic oil, Talloel, and Tallol (161).

II. Some Manufacturers of Tall Oils

Crude Tall Oil

Company Trade Name
Arizona Chemical Co. Acintol C
Camp Mfg. Co. Campol No. 8485
Champion Paper & Fiber Co. Trostol
Continental Can Co., Hummel-Ross Div. Superior
Netional Southern Products Corp. Opoil
North Carolina Pulp Co. Plymouth
Southern Advence Bag & Paper Co. Advanol
Union Bag & Paper Corp.
West Virginia Pulp & Paper Co. Ligro; Covoll

Distilled and Refined Tall Oils

———

Arizona Chemical Co. Distilled Acintol D; Acintol DLR
Camp Mfg. Co. Refined Campol Nos. 365;36V;792S;
T92v
Gaylord Container Co. Refined Refined Bogol
Hercules, Inc. Distilled Pamaks-W10,15 25A.h5A 25,
25A;LE ,DLE
National Southern Products Corp. Refined Facoil CS,CP,CB,CU,CN
Newport Industries, Inc, Distilled Acolin; Acosix; Aconon
Union Bag & Paper Co. Refined Unitol §,R,V
West Virginia Pulp & Paper Co. Single Vacuum Dist. Rosoil "AH"
Double distilled Indusoil
Triple distilled Indusoil

III. Some Awerican Commercial Tall Oils

The composition and properties of some American commercial tall oils and
tall oil products are given in the following tables.
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Pable 44, Typical Propoerties of PAMAK Tall Oil Products®

Patty Rosin Unsaponi- Color Acid Icdine Titer,
o acids ac;dn rial;hu (Gardner) number number oc.
- PATTY ACIDS |
Pamak 985  98.7 0.6 0.7 <1 197 129 3
Pamak 1 98.4 0.7 0.9 1-2 197 130 5
- Pamak LA 95.2 3.0 1.8 3+ 193 132 L
Pamak WhA 96.0 1.8 2,2 4 194 132 3
Pamak 4 92.5 3.5 4,0 6 190 130 5
s Peamak Wh 92.0 k.0 k.0 6+ 190 130 0
Pamak 6 90.5 7.0 2.5 (3 190 130 5
Pamak WD 87.1 1.7 10.8 6+ 176 128 <1l
DISTILLED
TALL OILS :
e Pamak W10 86.0 10 k,0 T 187 131 -
Pamak 25 70.7 27 2.3 8 184 137 -
—— O Pamak 25A 70.2 28 1.8 6+ 187 140 -
Pamak WhSA 52.5 43 4.5 T 175 135 -
- TALL OIL
LIGHT ENDS
— Pamak LE T4-76 0.8-3.3 22-27 12-16 = 151-159 - -
Pll‘k DLE 8“'08 005 lh'? ll 175 - -
Pamak WLE 55.0 1.5 Lo 13 120 - -

%courtesy of Hercules, Inc., Wilmington, Delasware
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Table 45. Tall Oils (161)

—

Aeld Todine  Saponifieation fs';'-s‘_“i Refractive Color m m,mwm
Comperdal Mame L o ek b pmelith PG BRE AW R e ' ST
% Distilled Albemarle 170 140 ¢ 810 E-F 59 36
Crude Arizona 160 175 160 180 165 180 60 80 097 089 Brown 47 45
Crude Champion 160 170 165 175 50 8.0 45-52 38-46
1103 Refined Dorward 165 11 X-Y
Bogol Gaylord 165 180 165 180 45 55 56-60  34-40
Aliphat 45-B General : 178 . 30 70
® Crude Hummel-Ross 163 170 165 185 1.5 10.0 45-53 3648
Oveil NA&.P. 1719 1§9.1 1739 80 Brown 495 4@2.2
;eoil NS.P. 1718 159.1 1739 20 Brown 495 422

Faceoil CB N.S.P. 169.0 155 1775 15 0973 10-12 50.0 45 -

1)
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Table h6.

Lower Boiling Acids, %
Palmitic Acid, %
Palmitoleic Acid, %
Unknown Aeid, %
Stearic Acid, %

Oleic Acid

Unknown Acid, %

N
““ F ——"

i

Fatty Acid Composition of ACINTOL Tall Oil Fatty Acids and Selected ACIR'I‘OL Distillation

Products by Gas Liquid Chromatography®

Linoleic Acid (cis-9, cis-12), % 294

Unknown Acid, %
Unknown Acid, %

Lincleic Acid (cis-9, trans-11}, % = 4.3

Eicosanoic Acid, %

Lincleic Acid (trans-9, trans-11}, % 4.4

Eicosadienoic Acid, %
Eicosatrienoic Acid, %
Behenic Acid, %
H:glm Bmlmg Amds,

. Courtesy of Arizona Chemical Campany, Wayne, New Jersey

ACINTOL

DISTILLATION PRODUCTS

FA-1 . DL .

DELR FA-1 Special FA-2 FA-3 EPG B29LR D30E  Special Heads 212}
0.1 - - - - - - - - 8.5
53 23 1.8 0.1 0.1 - 1.8 — 1.6 35.9
2.1 06 12 0.2 0.1 - 1.8 - 0.8 8.5
0.3 0.3 0.1 0.1 0.1 - 0.1 - 0.4 1.4
2.1 23 22 25 2.6 25 18 12 20 1.0
38.3 410 420 485 48.0 496 38.6 100 315 23.1
18 12 13 1.6 2.0 13 1.5 0.7 20 0.9
328 322 357 38.1 36.5 28.1 52 243 178
2.3 25 2.5 3.1 2.7 28 2.8 0.8 24 19

0.9 0.6 0.0 0.4 © 0.2 0.2 0.7 1.0 1.8 0.0

3.8 44 2.6 2.4 25 42 133 11 04
1.7 . 1.9 1.8 1.4 1.2 1.3 18 43 1.8 0.1
48 43 12 14 18 5.8 223 84 04
32 21 1.1 0.5 0.5 0.5 2.9 1.4 4.7 e
2.6 2.8 1.9 0.4 0.6 0.5 6.4 238 9.8 -
0.4 0.9 - 0.8 0.7 - 0.7 2.6 52 05 -
- - - - - - - . -

1 HEBHES PR
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Table 47. Typical Analysie of ACINTOL Tall Oil Fatty Acids and Selected ACINTOL Distillation Products®
ACINTGCL ;msmua ON PRODUCTS

g N ' FA-1 ’—_ETJ Heads | TaliOil
" Property DELR FA-1 Special "FA-2 FA-3 EPG D29LR ' Special 2122 Pitch
Color, Gardner 10 5 ; 3 1-2 2 1- 5 ‘r 5+ 16 12-15
Acit Value ' 192 | 185 YY) 197 199 198 18 | 1m 140-160| 22-55
Szpenification Value 19 197 ‘ 198 188 200 200 193 - 196 - 100
todine Value {(Wiis) 138 131 é 131 130 130 130 - | — — —_
col:‘:i:::;n% <0.1 <0.i f <01 | <o <01 <0.1 . i <0.1 0.1 0.1
Ash, %  <0.001 <0.001 ; <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0.08
Rosin Acids, % Y] 4.2 28 0.9 0.4 05 23 0.8 15_25
Unsaponifiables, % 21 16 : 1.6 0.9 0.5 0.5 .4 25 30-36
Fatty Acids Total, % 90.8 - 842 i 959 98.2 89.1 $9.0 7586 744 34-50
Fatty Acid Composition: . -
Pelyunsaturated, Conjugated, |
as Linoleic, % : - 8 i 7 6 ] 5 - 15 1 -
P‘:: Linoleic, :’ Nenconjugsted, - 32 2 34 36 s 38 - 23 18 -
Oleic, % - 44 i 46 47 49 49 - 3s 20 -
Saturated, % — 5 4 3 - 4 35 —
Others, By Difference, S - 11 , 8 —_— a1 26 —
Softening Point - - — — - - - - _ 35
Specific Gravity, 25°/25°C 0.910 0.506 0.902 0.898 0.897 0887 0.943 0.831 0.920 1.011
Vieight Per Gatlon, 25°C , Ibs : 757 7.53 7.50 7.47 745 745 1.85 1.74 760 8.42
. Viseosity, Gardner-Heiet, 25°C A A A A A A D 48 - -
Viscosity, SUS, 100°F 120 100 97 &3 85 $5 - - - -
viscosity, SUS, 210°F - - — - - - 51 a7 40 52
Fiash Pnint, Gpen Cup, °F 410 380 | 390 400 420 400 400 400 a7 520
Fiss Point, Open Cup, °F 445 415 | 415 435 458 435 _ 44 437 . 400 543

a
Courtesy if Arizona Chemical Company, Wayne, New Jersey
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Table 48, Tall Oil Esters (161)
| T dols T o
Commereial Name thg" P}:?::er 5‘;"’““:"“"“ ’,E.‘:._(.:. Refractive Color at 25° C
= of Product . Produced by __Min. Max. Min. .M'"', ’_Min-"f“x[c{x A“{m‘f‘il:x: _«!2":55 ::' i(;:r_&?"‘?. G-l;:&;:- Polres _ Notes
k Albatol 300  Albemarle 13 1.00 11-12 23 Penta ester. 639 oll.
& Albatol 600 Albemarle 13 1.00 11-12 78 Penta eater. 59% ol
% Albatol 3480  Albemarle 13 0.955 11-13 Y-Z 5 et A g
Flex-Synol Am, Alkyd
e m. Ally 6 12 0.98 0.99 9 -12 26 Ol extended.
Esterified Tall Brown Processed to desired specifieations.
Oil
”érﬁa-uﬁgffﬁ““d C;{;fi 8.0 14.0 12-14 Appearance bery.
y‘?GI:?)'(tEr:SxtePri:g:d' C;{:xf;;. 8.0 120 10-12. Appearanee brilliant.
Modiphat 145 General 90 100 162 170 12-13 Semi-solid. Dartislly
Modiphat 245  General 9.0 . 155 15, Amber S ol cater, of sl
. oil.
M%i\x‘?g:\t 245- General ‘1.0 9 max 22-Z4 m:\':‘:g“cif“;:d”&‘l‘ﬂ
: . oil enter. *
Dryfol MP Smith 5.0 0.918 12 W-X N ekt “cater |
of refined tall oil.
Smitheo “PE” Smith 150 170 175 130 126 1.000 1.010 10-12  Z5-26 , Pentaeryibritol ester
Smitheo “RT” Smith 60 100 170 176 130 135  1.000 1.010 11-12 25 Giycerine eater of re-
* Petal Ester Synthetic 10 15 9 -11 Z6+ Peats ester ,
1
*gi’(gf rtal - Synthetic 5 10 9 -11 25-Z6 Giyeeryl ester I
4 Aroplaz 1119 U.SlL 6 11 0.980 0.990 12-14 Y-21 100% solide
% Aroplaz U.SL 12 18 0.956 0.967 12-14 O-W el ‘aptrita

1129-M
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Table 49,

Specific Gravity @ 25 C
Refractive Index @ 20 C
Color, Gardner
Saponification Value
Jodine Value
Unsaponifiables %

Acid Value

Rosin Acids %

Moisture %
Weight/gallon, pound

-

Tall 0il Fatty Acid Esters®

[
"]

TYPICAL ANALYSTS
CROPLAS MX CROPLAS BX CROPLAS TH CROPLAS EH CROPLAS 10
0.8825 0.9145 0.9303 0.8708 0.8703
1.4585 1.4593 1.4705 1.4598 1.4600
4 4 4 2 - 3
189 165 153 141 140
117 105 95 90 89
2.0 2.0 2.0 2.0 2.0
0.2 0.5 0.7 0.2 0.3
0.1 0.3 0 0 0.1
Nil Nil Nil Nil Nil
7.36 7.6 7.76 7.27 7.25

a Courtesy of Crosby Chemicals, Inc., Picayune, Mississippi
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